HAMS  HALL 

LIBRARY. 

ft  

o 


Section 

Shelf 


Digitized  by  the  Internet  Archive 
in  2017  with  funding  from 
Wellcome  Library 


https://archive.org/details/b29328779_0002 


« 


* 


* ■ , 


% 

'V 


v-  K\ 


THE 


ELEMENTS 


NATURAL  OR  EXPERIMENTAL 

PHILOSOPHY. 


BY 

TIBERIUS  CAVALLO,  F.R.S.  &c. 


ILLUSTRATED  WITH  COPPER  PLATED 


IN  FOUR  VOLUMES. 

VOL.  II. 


LONDON: 

Printed  by  Luke  Hansard, 

FOK  T,  CADELt  AND  W.  DAVIES,  IN  THE  STRAND, 


1803, 


M 1ST  Oh  L 

MEDICAL 

(**& 


Luke  Hansard,  Printer, 

Crest  Turnftile,  Lixieolj)’s-lnn  Fields. 


elements  of 


NATURAL  PHILOSOPHY, 


PART  II. 

OF  THE  PECULIAR  PROPERTIES  OF  BODIES, 

IT  would  hare  been  ufelefs  in  the  preceding  part 
of  this  work  to  have  enumerated,  or  to  have 
arranged  under  any  claflical  order,  the  various  bo- 
dies of  the  univerfe ; fince  the  properties  which 
formed  the  fubjedl  of  that  part,  belong  indifcri- 
minately  to  bodies  of  every  denomination.  In  treat- 
ing of  one  of  thofe  properties,  viz.  of  the  mobility 
of  matter,  and  particularly  of  the  collifion  of 
bodies,  one  difference  only  was  noticed,  namely, 
that  which  exifls  between  elaftic  and  non-elaftic 
bodies;  but  that  difference  neither  demanded  a 
particular  difcrimination  of  bodies,  nor  could  it 
with  propriety  be  introduced  in  any  other  part  of 
the  work.  We  alfo,  in  explaining  the  dodtrine  of 
motion,  applied  its  laws  to  folids  only,  not  becaufe 
V0L-  n.  b fluids 
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Of  the  pecufiar 

fluids  are  exempt  from  thofe  laws,  as  far  howeve? 
as  their  nature  admits  of  their  being  placed  in  cir- 
cumftances  limilar  to  thole  of  the  folids  ^ but  be- 
caufe  the  mechanic  of  fluids  contains  certain  other 
laws  which  are  not  applicable  to  folids  j hence  the 
particular  examination  of  the  equilibrium  and  of 
the  motion  of  the  fluids,  was  referved  for  the  pre- 
fen t part. 

We  are  now  going  to  treat  of  the  peculiar  pro- 
perties of  bodies,  viz.  of  fuch  as  render  one  piece 
of  matter,  or  fet  of  bodies,  different  from  another 
piece  of  matter,  or  other  fct  of  bodies ; and  of 
fuch  properties  there  are  fome  which  belong  to  a 
great  number  of  bodies,  though  not  to  all  ■,  others 
which  belong  to  a few ; and*  lafliy,  there  are  other 
properties,  which  belong  to  Angle  bodies  only. 
Thus  water,  oil,  fpirit  of  wine,  and  air,  are  all 
Jtuid  iubftances,  fo  that  by  that  fluidity  they  are 
diftinguiflied  from  ftones,  metals,  wood,  bones, 
See.  which  are  all  folid  fubftances.  But,  though 
water,  oil,  fpirit  of  wine,  and  air,  be  all  called 
fluids ; yet  the  firfl  three  are  diftinguiflied  from 
the  laft,  by  this,  viz.  that  they  are  not  compref- 
lible  into  a narrower  fpace  by  the  application  of 
any  mechanical  force,  at  leaft  not  in  any  remark- 
able degree ; whereas  air  may  be  eafily  comprefled 
into  a narrower  ipace.  Hence  water,  oil,  and  fpirit 
of  wine,  are  '.aid  to  be  non-elaftic  fluids ; but  air  is 
faid  to  be  an  elaftic  fluid.  Farther,  though  water, 
cJ,  and  fpirit  of  wine,  be  all  three  non-elaftic 

fluids* 


O 


Properties  of  Bodies . 

fluid!,  yet  the  firft  may  be  diftinguiflied  from  the 
other  two,  by  its  not  being  capable  of  inflamma- 
tion j whereas  oil  and  fpirit  of  wine  may  be  eafily 
inflamed  and  burned  away.  Yet  though  thefe  two 
agree  in  the  property  ot  being  inflammable,  they 
may  however  be  eafily  diftinguiflied  from  each 
other  by  means  of  other  peculiar  properties ; com- 
mon oil,  for  inftance,  is  much  lefs  fluid  than 
/pints ; it  alfo  feels  clammy  to  the  fingers,  which 
fpirit  of  wine  does  not  ; it  is  lefs  inflammable,  and 
lefs  evaporable  than  fpirits,  &c. 

This  fhort  /ketch  of  the  nature  and  variety  of 
the  natural  properties  of  bodies,  will  fufficiently 
manifeft  the  multiplicity  of  particulars  which  muft 
be  noticed  in  the  prefent  part  of  thefe  elements ; 
and  will,  at  the  fame  time,  point  out  the  neceflity 
of  preferving  as  much  order  and  perfpicuity,  as  the 
intricate  nature  of  the  fubjedt  can  admit  of. 

With  this  view  we  fliall  begin  by  making  a 
flight,  but  general,  furvey  of  the  Univerfe,  or  ra- 
ther, of  the  bounds  of  human  knowledge  relative 
to  the  number  and  variety  of  natural  bodies ; 
whence  the  reader  may  form  fome  idea  of  the  ex- 
tent, variety,  and  importance,  of  the  fubjedt.  But 
previous  to  this,  it  will  be  proper  to  make  the  fol- 
lowing obfervation. 

It  is  a rule  in  elementary  compolitions,  to  explain 
thole  articles  firft,  which  may  elucidate  what  fol- 
lows;— to  take  nothing  for  truth,  unlefs  it  has 
been  previoufly  proved  ; and  not  to  mention  any 

thing 


B 2 


4 Of  the  peculiar  Properties  of  Bodies. 

thing  which  has  not  been  already  defcribed.  But 
the  ft  rift  adherence  to  this  rule  is  impracticable  in 
natural  philofophy,  wherein  hardly  any  thing  can 
be  mentioned,  which  does  not  owe  its  exiftencc 
to  the  previous  exiftence  of  feveral  other  things, 
which  cannot  have  been  all  previoufty  defcribed. 
Thus,  in  fpeaking  of  the  fufibility  of  metals,  we 
mu  ft  naturally  mention  the  thermometer;  and  in 
dcfcribing  the  thermometer,  we  mu  ft  naturally 
fuppofe  the  previous  knowledge  of  the  fufibility 
of  glafs,  and  of  the  nature  of  quickfilver,  which 
is  the  metallic  fubftance  moftly  ufed  for  the  con- 
ftruftion  of  that  very  ufeful  inftrument.  The 
reader,  however,  need  not  be  under  any  apprehen- 
sion of  being  milled  orconfufed;  for  whenever  any 
article  is  mentioned  without  its  having  been  pre- 
vioufty explained,  he  may  be  allured,  in  the  firft 
place,  that  the  particular  delcription  of  that  ar- 
ticle is  not  neceflarily  required  in  that  place ; and 
fecondly,  that  the  proper  defcription  of  that  arti- 
cle will  be  found  in  fome  other  more  appropriate 
part  of  the  work. 


Gf  the  known  Bodies, 


.5 


CHAPTER  I, 


CONTAINING  AN  ENUMERATION  OF  THE  VARIOUS 
KNOWN  BODIES  OF  THE  UNIVERSE,  UNDER  GE- 
NERAL AND  COMPREHENSIVE  APPELLATIONS. 

HE  moft  diftant  objedls,  that  are  at  all  pcr- 


X ceivable  by  any  of  our  fenfes,  are  the  lumi- 
nous coeleftial  bodies,  amongft  which  the  Sun  is 
the  grandeft  and  the  moft  admired  of  the  creation. 
Its  fplendor,  its  heat,  and  its  beneficial  influence, 
have  always  excited  the  particular  attention  of  the 
human  fpecies,  and  have  obtained  the  adoration  of 
all  thofe  nations,  which  have  not  been  bleffed  with 
the  light  of  Revelation.  Next  to  it  is  the  Moon, 
whoie  apparent  fize  nearly  equals  that  of  the  Sun  ; 
but  its  fplendor  is  vaftly  inferior.  The  other  nu- 
merous bright  objefts  of  the  heavens  differ  from 
each  other  in  fize  and  luftre  ; but  in  thofe  refpedts 
they  all  appear  greatly  inferior  even  to  the  Moon. 
Amongft  them  there  are  fix,  which  are  feen  to 
move  with  apparent  irregularity,  but  under  certain 
determinate  laws,  through  certain  parts  of  the 
heavens;  whilft  the  others  appear  to  remain  at  the 


fame  unalterable  diftance  from  each  other. — The 
iormerare  called  Planets , and  their  particular  names 
are,  Mercury , Venus,  Mars , Jupiter,  Saturn , and  the 
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Georgian  Vianet:  but  it  will  be  fliewn  hereafter,  that 
the  Earth  we  inhabit  is  hkcwifc  a planet,  winch 
renders  the  planets  feven  in  number.  The  latter 
are  called  Stars,  the  principal  of  which  have  like- 
wife  obtained  particular  names ; but  they  are  too 
numerous  to  be  inferted  in  this  place. 

Belides  the  Stars  properly  fo  called,  and  the  pla- 
nets, which  are  always  vifible  to  the  inhabitants  of 
the  Earth,  feveral  other  luminous  objedts  are  at 
times  feen  in  the  heavens,  which  appear  for  a con- 
fiderable  time,  move  in  a manner  apparently  more 
irregular  than  the  planets,  then  difappear,  and  per- 
haps make  their  appearance  again  after  a long 
period  of  years.  Thefe  are  called  Comets. 

By  means  of  the  telelcope  it  has  been  difeovered, 
that  four  fmall  luminous  objedts  revolve  at  certain 
diftances  round  the  planet  Jupiter;  feven  fuch 
bodies  revolve  round  the  planet  Saturn,  and  fix 
revolve  round  the  Georgian  Planet.  Thofe  fmall 
revolving  bodies  are  called  Satellites , or  Moons ; for 
in  fadt  the  Moon  itfelf  will  be  {hewn  to  be  a Satel- 
lite, which  moves  round  the  Earth,  in  the  fame 
manner  as  the  abovementioned  fatellites  revolve 
round  their  relpedtive  planets  in  Bated  periods. 

The  fcience  which  enumerates  thofe  coeleflial 
objects,  which  deferibes  their  peculiar  appearances, 
which  examines  and  calculates  their  movements, 
and  which  renders  that  knowledge  ufeful  to  the 
human  Ipecies,  is  called  AJlronomy,  the  elements  of 

which 


of  the  Umverfs.  y 

which  will  be  explained  in  the  fourth  part  of  this 
work. 

The  celeftial  bodies  which  have  been  juft  men- 
tioned, and  fuch  as  fall  under  the  cognizance  of 
Aftronomy,  do  all  move  under  certain  laws,  which, 
even  with  refped  to  theComets,  have  been  in  a great 
meafure  inveftigated  and  afeertained.  But  there 
are  feveral  other  objects,  either  luminous  or  opaque, 
which  appear  in  the  fky  at  uncertain  times,  and 
which  do  not  follow  any  known  regularity  of  mo- 
tion; fo  that  they  very  feldom  appear  twice  in  the 
fame  place,  and  of  precifely  the  fame  fhape.  Thefe 
are,  for  very  ftrong  reafons,  fuppofed  to  be  much 
nearer  to  us  than  the  Moon,  which  is  the  neareft 
to  us  of  all  the  celeftial  bodies  that  have  a known 
regularity  of  motion.  They  are  colleftively  called 
Meteors , whence  the  particular  examination  of  their 
origin,  of  their  appearances,  and  of  t heir  influence, 
or  of  their  effects,  forms  the  fubjedl  of  Meteorology , 
which  is  a very  confiderable  branch  of  Natural 
Philofophy. 

The  principal  objedts  of  Meteorology  are,  1.  Thofe 
luminous  appearances,  which  are  commonly  called 
Foiling  Stars , or  Shooting  Stars , the  largeft  of  which 
are  more  particularly  called  Meteors.  2.  The  quick 
moving  light,  which  is  feen  at  times  in  the  fky, 
efpecially  about  the  North  and  South  Poles,  and 
which  has  hence  been  denominated  the  Aurora 
Borealis , and  Aurora  Aufralis , or  Northern  and 
Southern  Lights,  3.  The  Rain-how.  4.  Halo's,  or 
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Coronas , viz.  thofe  fteady  white  circles  which  are 
fometimes  feen  about  the  Sun  and  the  Moon.  5" 
Parhelia,  or  Mock  Suns , and  Parnfelenae , or  Mock- 
Moon.  6.  The  Zodiacal  Light.  7.  Other  luminous 
appearances  more  irregular  and  lefs  remaikable 
than  the  preceding,  which  have  obtained,  from  their 
more  ufual  fbapes,  fituations,  &c.  the  various  names 
of  Draco  Dolans,  viz.  Flying  Dragon,  or  Flying  Kite ; 
Luminous  Arches-,  Luminous  Clouds-,  Ignis  Fatuus , 
vulgarly  called  Will  with  a zvifp,  or  Jack  in  a 
lanthorn,  or  Jack-a-lantJiorn-,  the  Fata  Morgana, 
See.  8.  Thunder  and  Lightning.  9,  Vapours,  Fogs, 
Mijls,  and  Clouds.  10.  Rain , Hail , and  Snow. 
11.  Water  Spouts.  12.  Winds,  under  the  various 
names  of  Trade  Winds,  Monfoons , Gales,  Whirlwinds, 
Sec.  13.  Storms,  and  Hurricanes.* 

Some  authors  have  reckoned  the  natural  forma- 
tion of  ice,  or  the  froft,  as  alfo  earthquakes,  volca- 
nos, &c.  amongft  the  meteors 3 but  it  will  be  much 
better  to  confine  the  word  meteor  to  its  original 
fignification,  viz.  to  fomething  that  takes  place 
in  the  iky  above  us,  but  nearer  to  us  than  the 
Moon. — The  nature,  origin,  and  effedts  of  the 
above  enumerated  meteorogical  objedts,  as  alfo  of 
volcanos,  of  earthquakes,  &c.  will  be  defenbed  in 
different  parts  of  thefe  elements. 


* Thofe  objedts  of  meteorology  have  been  ufually  faid  to 
be  of  three  kinds,  viz  .fiery,  watery , and  airy , meteors.  But 
this  diitindtion  is  both  ufelefs  and  improper. 
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We  mud  laftly  enumerate  the  various  bodies 
which  form  the  Earth,  or  the  planet  we  inhabit. 

A variety  of  obfervations,  experiments,  meafure- 
ments,  and  incontrovertible  arguments,  the  prin- 
cipal of  which  will  be  mentioned  hereafter,  have 
proved  that  this  Earth  is  not  a perfect  fphere;  but 
that  it  is  a little  flattened  on  two  oppofite  parts, 
which  give  it  the  figure  of  an  oblate  fpheriod-,  the 
longeft  diameter  of  which  has  been  reckoned  equal 
to  41960862  Englifh  feet,  or  7947  Englifh  miles; 
the  fhortefl  diameter  has  been  reckoned  equal  to 
41726516  Englifh  feet,  or  7902,7  Englifh  miles; 
the  difference  of  the  two  diameters  being  234345,6 
feet,  or  44,4  miles.* 

The 


* See  De  la  Lande’s  i\ftronomy,  vol.  III.  De  la  Figure  de 
la  Terre  etde  foil  applatiffement;  where,  viz.  i n § . 2690,  and 
2693,  the  two  diameters  are  ftiewn  to  be  equal  to  6562024, 
and  6525376  French  toifes,  from  which  the  above-mentioned 
lengths  have  been  derived ; a French  toife  being  equal  to 
6,3945  Englifh  feet. 

Sir  Ifaac  Newton,  fuppofing  the  earth  to  be  of  uniform 
de'nfity,  affigned  for  the  difference  between  the  equatorial 
and  polar  diameters  T*5  part  of  the  former.  Bofcovich, 
taking  a mean  from  all  the  meafures  of  degrees,  found  the 
difference  of  the  two  diameters  equal  to  <~.s.  From  other 
meafurements  made  in  various  parts  and  calculated  by  dif- 
ferent able  mathematicians,  this  difference  has  been  reckoned 
equal  to  or  by  de  La  Lande ; to  T*T  by  de  La 
Place;  to  3~j  by  Sejour. — Thefe  latter  refults  agree  pretty 
wed  with  the  obiervations  of  the  length  of  the  pendulum 

made 
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The  furface  of  the  Earth  confifts  of  land  and 
water  varioufly  intermixed.  The  land  is  ufually 
divided  into,  r.  Continents , or  very  large  tra&s 
comprehending  feveral  countries,  Hates,  &c.  2. 
[/lands , or  fpots  of  dry  land,  having  water  all  round. 
3.  Peninfulas , or  fpots  of  dry  land  furrounded  by 
water,  excepting  a fmall  neck  or  communication 
with  fome  other  land.  4.  ljthmufes , or  necks  of 
land,  which  join  the  peninfulas  to  other  land. 
5.  Promontories,  or  high  landsextending  themfelves 
into  the  fea,  the  extremities  of  which  are  called 
Capes  or  Head-lands.  And  laflly,  Mountains , which 
are  parts  of  the  land  confiderably  elevated  above 
the  adjacent  country;  the  fmalieit  of  which  are 
called  Hills. 

The  water}'-  part  of  the  furface  is  ufually  divided 
into,  1.  Oceans , or  vad  colledions  of  fait  water,  viz. 
the  larged  divisions  of  the  wratery  part  of  the  fur- 
face.  2.  Seas,  or  parts  of  oceans,  dole  to,  or  between 
fome  countries.  3.  Gulfs  or  Bays,  which  are  feas 
having  land  all  round,  except  on  one  fide,  by  which 


made  in  different  latitudes  ; fo  that  upon  the  whole  or  a 
fra&ion  not  much  differing  from  this,  feems  to  he  the  neareft 
to  the  truth.  The  caufes  of  difagreement  between  the  re- 
iults  of  different  meafurements,  probably  are  the  imperfec- 
tion of  inffruments,  the  partial  attraction  of  mountains,  and 
the  unequal  denffty  of  the  materials  within,  and  at  no  great 
diftanccfrom  the  furface  of  the  earth.  See  Profeffor  Play- 
fair’s paper  on  the  fig.  of  the  Earth  in  the  Tranf.  of  the 
R.  S.  of  Edinburgh,  vol.  V,  P.  I, 
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they  communicate  with  other  Teas  or  oceans. 
4.  Straits , or  Friths , being  narrow  branches  of  the 
fea between  two  contiguous  lands,  or  narrow pafl ages 
from  one  lea  to  another.  5*  Lakes,  or  cohesions 
of  water  in  fome  inland  place.  And  6.  Rivers,  or 
Streams  of  IV 'iter. 

The  particular  defcription  of  thofe  parts,  as  alfo 
of  the  political  divifion  of  the  Earth,  form  the  lub- 
jedts  of  Geography  and  Hydrography. 

There  are  feveral  hollows  or  natural  pits  in  the 
Earth ; but  they  either  do  not  defcend,  or  could  not 
be  examined,  to  any  great  depth.  Deep  pits  have 
alfo  been  made  by  human  art ; but  the  deeped  of 
them  do  not  exceed  2400  leet,  or  lefs  than  half  a 
mile ; fo  that  the  induftry  of  man  has  not  been  able 
to  penetrate  fo  fir  below  the  furface  of  the  Earth 
as  half  a mile,  which  is  a very  fliort  didance  indeed, 
when  compared  with  the  abovementioned  lengths 
of  the  diameters.  So  that  whatever  lies  below  that 
depth  is  to  us  utterly  unknown. 

The  materials  which  have  been  extracted  from 
thofe  excavations  are  not  in  general  of  a nature 
different  from  thofe,  which  in  fome  particular 
places  have  been  found  immediately  upon  the  fur- 
face  of  the  earth. 

Upon  that  furface  a vad  variety  of  objetds  is  to 
be  obferved ; but  thofe  various  objedls,  together 
with  thofe  that  are  dug,  have  been  ufually  arranged 
under  three  grand  divifions,  which  are  naturally 
fqggeded  by  their  mpre  ftriking  properties,  and 

which 
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which  have  been  emphatically  called  the  three 
Kingdoms  of  Nature  viz.  the  Animal  Kingdomy 
which  comprehends  all  thofe  felf-moving,  organiz- 
ed bodies,  of  which  the  human  being  forms  one 
fpecies.  The  Vegetable  Kingdom , which  compre- 
hends all  thofe  organized  bodies  called  plants , 
which  grow  by  an  enlargement  of  parts,  have  a 
certain  period  of  life  or  of  exiftence,  but  are.  at- 
tached to  a particular  part  of  the  foil,  from  which 
they  derive  the  greateft  part  of  their  nounfliment. 
And  laflly,  the  Mineral  Kingdom , which  compre- 
hends all  the  other  bodies  of  the  Earth  ; for  all 
the  others  are  fometimes  found  within  the  Earth, 
whereas  living  animals  and  living  plants  are  not  to 
be  found  buried  at  any  confiderable  depth  below 
the  furface  of  the  Earth. 

Every  one  of  thofe  three  grand  divifions  is  fub- 
divided  into  a variety  of  lubordinate  fubjedls. 
Thus  the  particular  enumeration  and  claffification 
of  all  living  creatures,  or  organized  bodies,  which 
give  marks  of  fenfation,  which  continue  their  kinds 
according  to  invariable  laws,  and  which  are  found 
in  the  hate  of  embryo,  infancy,  maturity,  old  age, 
or  death,  forms  the  lubjedl  of  Zoology. — Anatomy 
examines  and  deferibes  the  internal  and  external 
parts  of  the  animal  body.  Medicine , or  the  Me- 
dical art , endeavours  to  preferve  or  to  rcflore  the 
health  of  animals,  and  is  itfelf  fubdivided  into 
Other  branches, 

Thus 
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Thus  alfo  with  refpedt  to  the  vegetable  king- 
dom, the  enumeration  and  regular  arrangement  of 
all  the  plants  forms  the  fcience  of  Botany.  The 
art  of  cultivating  them  is  called  Agriculture , Hitf- 
b an  dry.  8cc. 

In  like  manner  with  refped  to  minerals,  the 
enumeration  and  arrangement  of  all  their  fpecies, 
together  with  the  defcription  of  fuch  of  their  pro- 
perties as  are  neceffary  to  difcriminate  them  from 
each  other,  forms  the  lubjedl  of  Mineralogy.  The 
confideration  of  their  original  formation,  and  of 
their  prelent  natural  difpofition  in  the  body  of  the 
Earth,  is  denominated  Geology.  The  particular 
knowledge  and  management  of  one  fort  of  mine- 
rals, viz.  of  metallic  fubflances,  is  called  Metal- 
lurgy, and  fo  forth. 

When  the  knowledge  of  thofe  various. fubjedls 
was  not  very  extenfive,  all  the  known  particulars 
could  be  eafily  arranged  under  the  general  title  of 
Natural  Philofopy;  but  the  progrefs  of  civiliza- 
tion, and  the  unremitted  attention  which  has  been 
bellowed,  particularly  within  the  two  laft  cen- 
turies, on  fcientific  fubjefts,  have  increafed  the 
number  of  ufeful  difcoveries  to  fuch  a degree,  as 
to  render  the  capacity  of  one  man  inadequate  to 
the  comprehenfion  of  the  whole  flock  of  know- 
ledge, and  much  lefs  able  to  treat  of  all  the 
above-mentioned  fubjedds  in  a full  and  complete 
manner.  Therefore,  under  the  title  of  Elements 
of  Natural  Philofophy,  we  mean  to  explain  the 

principles. 
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principles,  or  the  foundation  of  all  thofe  various 
branches  of  knowledge,  which  depend  upon  the 
properties  of  natural  bodies  ; whence  the  ftudent 
may  obtain  a competent  knowledge  of  the  whole, 
and  particularly  of  the  admirable  connexion 
which  exifts  between  them  all,  upon  W'hich,  as 
upon  a Heady  foundation,  he  may  extend  his 
knowledge  of  any  particular  branch,  which  his  in- 
clination or  his  profeffion  may  lead  him  to  adopt. 

Almoit  all  the  bodies  which  come  under  the 
cognizance  of  our  lenfes,  viz.  all  the  animals,  all 
the  vegetables,  and  almoft  all  the  minerals,  are 
compound  bodies ; viz.  they  evidently  confift  of 
fubftances  differing  in  weight,  colour,  and  other 
properties,  which  may  be  feparated  more  or  lefs 
eafily  from  each  other  \ but  when  feparated  to  a 
certain  degree,  the  human  art  is  not  able  to  de- 
compofe  them  any  farther.  Now  thofe  tubftances 
or  components  of  animal,  vegetable,  and  mineral 
bodies,  which  appear  of  a uniform  nature,  and 
which,  at  prefent,  cannot  be  divided  into  more 
iimple  fubftances,  muft  be  reckoned  elementary 
or  primitive,  until  a mode  of  decompofing  them 
be  dilcovcrcd.  Thus,  for  inftance,  water  w'as  for- 
merly reckoned  an  elementary  fubftance ; but  it 
has  been  of  late  years  difeovered,  that  it  confifts  of 
(for  it  maybe  refolved  into,)  other  fubftances,  which 
poffefs  properties  very  different  from  each  other. 
Hence,  at  prefent,  vrater  is  no  longer  looked  upon 
as  an  elementary  fubftance.  It,  therefore,  na- 
turally 
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turally  appears  that  the  number  of  elements  muft 
have  been  always  fluctuating,  and  that  it  is  likely' 
to  continue  fo  for  ages  to  come,  fince  the  inge- 
nuity of  man  continually  difeovers  new  fubftances, 
and  at  the  lame  time  finds  means  of  reducing  into 
fimple  fubftances  feveral  fuch  bodies  as  had  be- 
fore  paffed  for  fimple,  primitive,  or  elementary. 

The  fcientific  perfons  of  the  prefent  time  ac- 
knowledge the  fubftances  of  the  following  lilt,  as 
the  elements  or  components  of  all  animals,  vege- 
tables, and  minerals ; yet  it  will  prefently  be 
fhewn  that  fome  of  thofe  elements  are  merely  hy* 
pothetical,  and  that  they  have  been  admitted  as 
fuch,  by  reafoning  from  analogy  upon  other 
fadts. 

/ 

Elementary  Substances: 

Radical  fuccinic 
Radical  acetic 
Radical  tartaric 
Radical  pyro-tartaric 
Radical  oxalic 
Radical  gallic 
Radical  citric 
Radical  malic 
Radical  benzoic 
Radical  pyro-lignic 
Radical  pyro-muciq 
Radical  camphoric 
Radical  ladtic 


Light 

Calorific,  or  caloric 

The  Electric  fluid 

The  Magnetic  fluid 

Oxygen 

Hydrogen 

Azote 

Carbon 

Sulphur 

Phofphorus 

Radical  muriatic 

Radical  boracic 

Radical  fluoric 


Radical 


1 6 Of  the  known  Bodies 


Radical  fach-ladtic 

Zinc 

Radical  formic 

Iron 

Radical  Prufiic 

Tin 

Radical  febacic 

Lead 

Radical  bornbic 

Copper 

Radical  laccic 

Mercury 

Radical  fuberic 

Silver 

Radical  zoonic 

Platina 

Arfenic 

Gold 

Mollybdenite 

Silica 

Tungden 

Argill 

Chrome 

Baryt 

Titanite 

Strontian 

Sylvanite 

Lime 

Uranite 

Magnefia 

Manganefe 

jargonia,  or  Zirgonia 

Nickel 

Pot-afli 

Cobalt 

Soda,  and 

Bifmuth 

Ammoniac 

Antimony 

The  fil'd  four  of  tliofe  elements  may  with  pro- 
priety be  called  hypothetical.  Thefe  are  Lights  or 
that  fluid  which  renders  objects  perceivable  by 
our  eyes;  Caloric , viz.  the  fluid  which  is  fuppofed 
to  produce  the  phenomena  of  heat,  or  to  affedt  us 
with  the  fenlation  of  heat  ; the  Electric  Fluid , 
which  is  fuppofed  to  produce  the  phenomena 
called  electrical \ and  the  Magnetic  Fluid , to  which 
the  properties  of  the  magnet  are  attributed ; for. 


in 
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in  fa<ft,  the  phenomena  which  fall  under  each  of 
thofe  four  denominations,  are  only  fuppofed  to  be 
the  effects  of  a Angle  fluid ; refpe&ing  the  nature  of 
which,  however,  various  opinions  are  entertained. 

We  fliall  treat  at  large  of  thofe  four  very  re- 
markable natural  agents  in  the  third  part  ot  this 
work ; yet  fome  of  their  properties  muft  unavoid- 
ably  be  mentioned  in  treating  of  the  properties  of 
all  the  other  elementary  fubftances,  in  the  prefent 
part. 

With  refpedt  to  the  latter,  it  may  likewife  be 
obferved,  that  fome  of  them  are  only  fuppofed  to 
exift  from  analogy.  Thus  it  is  known  that  the 
fulphuric  acid  confifts  of  fulphur  and  oxygen  ; for 
it  may  be  formed  by  combining  thofe  two  fubftan- 
ces together,  and  it  may  be  reduced  into  thofe 
fubftances.  It  is  likewife  known,  and  for  the  like 
reafon,  that  the  carbonic  acid  confifts  of  carbon 
and  oxygen ; but  the  components  of  the  muriatic 
acid  are  not  known  with  certainty  ; yet  from  the 
analogy  of  other  acids,  the  muriatic  acid  is  fup- 
pofed to  confift  of  oxygen  joined  to  fomething 
elle,  which  fomething  elfe  has  been  called  the  bafe 
of  that  acid,  or  the  muriatic  radical.  The  like  ob- 
fervation  may  be  applied  to  fome  other  radicals. 

The  knowledge  of  the  exiftence  of  the  above- 
mentioned  elementary  fubftances,  excepting  the 
firft  four,  has  been  acquired  by  the  aCtual  decom- 
pofition  of  animal,  vegetable,  and  mineral  bodies, 
fuch  as  are  ufually  found ; and  likewife  by  the 
vol.  11,  c actual 
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a&ual  re-compofition  or  formation  of  fome  bodies 
in  a great  mealure  fimilar  to  the  natural,  from 
a combination  of  fome  of  the  elementary  fubftan- 
ces.  The  art  of  decompofing  natural-  bodies  is 
called  Analyjis ; — the  art  of  forming  compounds 
is  called  Synthejis ; and  both  the  art  ol  analyfmg, 
and  the  fynthctical  art,  together  with  the  know- 
ledge of  the  principal  facts  which  have  been  af- 
certained  by  thofe  means,  form  the  fciencc  of 
Chemijlry. 

Having  thus  far  given  a general  idea  of  all  the 
bodies,  which  either  are  known  to  exift,  or  are,  for 
very  flrong  reafons,  fuppofed  to  exift;  I fhall  now 
fubjoin  a fhort  but  comprehenfive  view  of  their 
properties ; and  fhall,  at  the  fame  time,  point  out 
the  order  in  which  the  particular  defeription  of 
thofe  properties  will  be  arranged  in  the  following 
chapters. 

It  has  been  fhewn  in  the  firft  part  of  this  work, 
that  matter  in  general  is  poflefled  of  extenjion , di- 
vifibility , impenetrability,  mobility , vis  inertiae , amd 
gravitation. — Upon  the  mobility  and  the  vis  iner- 
tiae of  bodies,  the  extenfive  doctrine  of  motion  or 
the  mechanical  laws,  have  been  eftablifhed ; but  that 
doctrine  cannot  be  fufficiently  elucidated,  unlels 
it  be  particularly  adapted  to  each  of  the  three 
principal  (fates  of  bodies,  viz.  to  folids,  to  non- 
elaftic  fluids,  and  to  elaftic  fluids;  therefore,  hav- 
ing already  explained  the  mechanical  laws  with 
refpect  to  lblids,  it  will  be  ncceflary,  in  the  next 

place, 
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plice,  to  treat  of  the  mechanical  properties  of 
non-elaftic  fluids,  under  the  title  of  Hydroflatics ; 
then  of  the  mechanical  properties  of  elaftic  fluids, 
under  the  title  of  Pneumatics-,  and  laflly,  of  the 
other  peculiar  properties,  betides  the  mechanical, 
which  belong  to  each  ot  them,  viz.  to  iolid  and 

O 

fluid,  to  Ample  and  to  compound,  bodies,  under 
the  title  of  Chemifhy . 

The  properties  of  bodies  may  be  faid  to  be  either 
of  a pajflve  or  of  an  active  nature.  The  former 
are  ex tenfion,  figure,  di-vi fibility , impenetrability,  mo- 
bility, vis  inertiae , denfity  and  rarity,  hardnejs , foft- 
nefs,  fluidity , rigidity, flexibility,  elafticity , opacity,  and 
■traufparency  ; which  have  been  fufficiently  defined 
in  the  preceding  pages,  and  will  be  farther  ex- 
plained in  the  following ; or  their  meaning  is 
commonly  too  well  known  to  require  any  particular 
definition.  The  latter,  or  thofe  of  an  adive  nature, 
are  attraction  and  repulfiotu 

Betides  what  relates  to  light,  heat,  electricity, 
and  magnetifm,  there  are  four  forts  of  attradion, 
viz.  ift.  The  attradion  which  every  known  body 
has  towards  all  the  reft,  and  which  is  called  gravi- 
iation  2dly.  The  attradion  which  homogeneous 
parts  of  matter  have  towards  each  other,  or  by 
which  they  adhere  to  each  other,  and  which  is 
called  the  attraction  of  aggregation  -,  and  fuch  is  the 
power  by  which  two  final]  drops  of  quickfilver, 
when  placed  contiguous  to  each  other,  rufh,  as  it 
were,  into  each  other,  and  form  a Angle  drop ; 

c 2 3dly. 
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3dly.  The  at  trad  ion  of  cohefion , or  that  power  by 
which  the  heterogeneous  particles  of  bodies  adhere 
to  each  other  without  any  change  of  their  natural 
properties ; fuch  as  the  adhefion  of  water  to  glals, 
of  oil  to  iron,  &c.  4thly.  The  attfadion  of  com- 
pofition  or  of  affinity , which  is  the  tendency  that 
parts  of  heterogeneous  bodies  have  towards  each 
other,  by  which  they  combine,  and  form  a body, 
differing  more  or  lefs  from  any  of  its  components.* 

Repulfion  takes  place  either  between  the  ho- 
mogeneous, or  between  the  heterogeneous,  parts  of 
bodies;  but  the  exiftence  of  the  former  is  with 
great  reafon  much  doubted. 

It  is  remarkable  that  of  all  thofe  properties  we 
only  know  their  exiftence,  and  fome  of  the  laws 
under  which  they  aft;  but  we  are  otherwife  ut- 
terly ignorant  of  their  nature  and  dependence. 


* The  invedigation  and  the  knowledge  of  this  laft  fort 
of  attraction,  or  affinity,  is  the  mod  ufefui  and  extenfsve, 
it  being  the  foundation  of  chemiflry  and  of  various  arts. 
Its  invedigation  is  likewife  very  intricate,  for  it  is  different 
between  any  two  bodies  from  what  it  is  between  any  two 
others,  and  it  fluctuates  according  to  a vad  variety  of  cir- 
cumdances.  Thus,  for  indance,  a certain  body  A has  a 
greater  tendency  to  mix  with  another  body  B in  a particu- 
lar temperature,  than  in  any  another.  T'he  fame  body  A 
has  a greater  affinity  to  another  body  B,  than  to  a third 
body  C,  and  it  may  have  no  affinity  at  all,  or  even  a repul- 
fton,  towards  a fourth  body  D.  Yet  when  D and  C are 
mixed  fo  as  to  form  one  compound  body,  then  A may  have 
an  affinity  to  that  compound. 
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CHAPTER  II. 


OF  HYDROSTATICS. 

JL^YDROSTJTICS  is  the  fcience  which  treats 
of  the  preffure  and  equilibrium  of  non- 
elaftic  fluids*;  Hydrodynamics  is  the  fcience  which 
treats  of  fluids  in  motion  ; and  Hydraulics  treats  of 
the  conftrudtion  of  certain  machines  or  engines  in 
which  fluids  are  principally  concerned.  But  we 
fhall  now  treat  of  what  relates  to  non-elaflic  fluids, 
without  taking  any  farther  notice  of  thofe  nominal 
diftinctions.  j 

A 


* This  fcience  began  to  be  cultivated  by  the  great 
Archimedes. 

f Water,  oil,  fpirit  of  wine,  and  other  fuch  fluids,  are 
faid  to  be  non-elajlic , or  non-compreffible , not  becaufe  they  are 
abfolutely  fo ; but  becaufe  their  compreflibility  is  fo  very 
fmall  as  to  make  no  fenfible  difference  in  our  calculations 
relative  to  the  preffures,  movements,  and  other  properties  of 
thofe  fluids. 

T he  ingenious  Mr.  Canton,  in  the  year  1761,  difeovered 
the  compi  edibility  of  water,  ofoi!,&c.  in  the  following  man- 
ner. He  took  a glafs  tube  having  a ball  at  one  end,  much  in 
the  fhape  of  a thermometer  glafs;  filled  the  ball  and  part  of 
yhe  tube  with  water,  which  had  been  deprived  of  air  as 

c 3 much 
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A perfefi  fluid  is  that  whole  parts  may  be  moved 
from  each  other  by  the  lead  force.  But  fuch  a 
fluid  is  not  to  be  found  ; for  independent  of  its 
gravity,  or  weight,  or  tendency  towards  the  centre 
of  the  earth,  every  non-elaflic  fluid  is  pofieflfed  of 

the 


much  as  it  was  poffible ; then  placed  it  under  the  receiver 
of  an  air-pump,  and  on  exhaufling  the  receiver,  (viz.  on 
removing  the  preflure  of  the  atmofphere  from  over  the 
water  and  the  glafs  in  which  it  was  contained)  the  water 
rofe  a little  way  into  the  tube,  viz.  expanded  itfelf.  And, 
on  the  contrary,  when  he  placed  the  apparatus  under  the 
receiver  of  a condenfmg  engine,  and  by  condenfmg  the  aTr 
in  the  receiver,  increafed  the  preflure  upon  the  water,  a 
diminution  of  bulk,  took  place,  for  the  water  defeended  a 
little  way  into  the  tube.  “ In  this  manner,’’  be  fays,  tc  I have 
“ found  by  repeated  trials,  when  the  heat  of  the  air  has  been 
“ about  50°,  and  the  mercury  at  a mean  height  in  the  baro- 
“ meter,  that  the  water  will  expand  and  rife  in  the  tube  by 
“ removing  the  weight  of  the  atmofphere,  one  part  in 
“ 21740;  and  will  be  as  much  comprefled  under  the  weight 
“ of  an  additional  atmofphere.  Therefore  the  comprefllon 
u of  water  by  twice  the  weight  of  the  atmofphere  is  one 
“ part  in  10870.” 

“ Water  has  the  remarkable  property  of  being  more 
“ compreflible  in  winter  than  in  fummer,  which  is  contrary 
u to  what  I have  oblerved  both  in  fpirit  of  wine  and  oil  of 
K olives.” 

Mr.  Canton  like  wife  fubje&ed  other  fluids  to  the  like 
experiments,  and  found  them  fufceptiblc  of  compreflion 
and  expanfion  in  the  following  proportions  : 


ComprcflloJ*. 
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the  attraClion  rf  aggregation  (viz,  of  the  mutual 
attraction  between  its  parts),  in  a particular  de- 
gree ; of  the  attraction  of  cohefion,  which  is  likewile 
in  a particular  degree,  towards  other  bodies,  and 
of  the  attraction  of  affinity.  Befides  which  a 
fort  of  obflruCtion  or  vvant  of  peifeCt  freedom  may 
be  obferved  more  or  lefs  in  all  fluids.  For  in- 
ftance,  a fmall  drop  of  water  placed  upon  a dry 
and  clean  glafs  plate,  does  not  a ffu me  an  hori- 
zontal furface,  but  remains  nearly  of  a globular 
form  f its  attraction  of  aggregation,  which  draws 
every  part  of  it  towards  its  centre,  being  greater 
than  its  gravity ; and  its  attraction  of  cohefion 
towards  the  glafs  being  juft  fuflicient  to  let  the 
drop  adhere  to  th.e  glafs,  when  the  latter  is  turned 
upfide  down.  But  if  the  drop  be  fpread  over  the 
furface  of  the  glafs,  then  the  film  of  water  will 
adhere  to  the  glafs  with  greater  force,  nor  will  it 


Compreffion  < 


'of  fpirit  of  wine  66' 
of  oil  of  olives  - 48 
of  rain  water  - - 46 

(o f fea  water  - - 4c 
of  mercury  - - - 3 


■millionth  parts. 


Mr.  Canton  was  of  opinion  that  this  fmall  degree  of 
compreflibility  is  not  owing  to  the  compre/Tion  of  any 
air  which  might  be  lodged  within  thofe  fluids;  for,  having 
caufed  a quantity  of  water  to  imbibe  more  air  than  it  con- 
tained in  a preceding  trial,  he  found  that  its  compreffibility  was 
not  thereby  increafed.— Canton’s  Papers  in  the  Phil.  Tranf. 
vol.  52d  and  54th. 


C 4 


recover 
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recover  its  former  globular  form  ; becaufe  by  the 
fpreading,  its  particles  have  been  brought  nearer  to 
the  glafs,  and  the  whole  drop  has  been  brought  into 
contact  with  a much  greater  iurface  of  the  glafs ; 
by  which  means  the  attraction  of  cohefion,  or  at- 
traction towards  the  glais,  has  been  rendered  much 
greater  than  the  mutual  attraction  between  the 
particles  of  water  (for  either  of  thole  attractions  is 
increafed  or  diminifhed  bv  bringing  the  parts 
nearer  to,  or  by  removing  them  farther  from  each 
other),  and  it  has  likewile  been  rendered  much 
greater  than  the  attraction  of  gravitation. 

If  the  fame  experiment  be  tried  with  a fmall 
drop  of  quickfilver,  in  Head  of  water,  this  alfo  will 
affume  a globular  form,  in  confequence  of  its 
attraction  of  aggregation  ; and  it  will  adhere  to  the 
glafs,  if  the  latter  be  turned  upfide  down,  on  account 
of  its  attraction  of  cohefion.  But  it  will  be  found 
impofiible  to  lpread  it  over  the  glafs,  becaufe  its 
attraction  of  aggregation  is  much  greater  than  its 
attraction  of  cohefion  towards  the  glafs. 

When  the  quantity  of  fluid  is  confiderable,  as  a 
cup  nearly  full  of  water,  then  the  attraction  of  co- 
hefion is  much  Imaller  than  its  gravitation,  and  the 
greateft  part  of  the  fluid  lies  too  far  from  the  fides 
of  the  cup,  to  be  fenfibly  affeCted  by  its  attraction. 
Hence  the  furface  of  the  water,  in  confequence  of 
its  gravitation,  (as  will  prefently  be  {hewn)  will  be 
horizontal,  excepting  that  part  of  it  which  lies  near 
the  fides  of  the  cup,  which  will  be  attracted,  and, 
* afeending 
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vUcending  a certain  way,  will  drag  part  of  the  con- 
tiguous water  in  confequence  of  its  attraction  of 
acrorco-ation,  fo  as  to  form  a concave  furface.  On 
the  other  hand,  by  a little  care,  more  water  may- 
be put  in  the-cup  than  its  ablolute  capacity,  or„ 
fpeaking  more  juftly,  the  water  may  be  made  to 
projeCt  above  the  edge  of  the  cup,  and  then  near 
the  edge  it  will  afium'e  a furface  vifibly  convex ; 
it  being  prevented  from  falling  over  to  a certain 
degree,  by  both  the  attraction  of  aggregation,  and 
the  attraction  towards  the  fides  of  the  cup. 

Thus  much  may  be  fufficient  to  fhew  that  both 
the  quiefeent  ftate  of  fluids,  and  their  movements, 
are  influenced  by  a variety  of  powers:  but  as  gra- 
vitation is  the  principal  aCting  power,  when  the 
quantity  of  fluid  is  not  very  fmall,  we  fhall  there- 
fore proceed  to  hate  and  to  explain  the  laws  of  hy- 
droflatics,  upon  the  luppofition  that  fluids  are 
actuated  only  by  the  power  of  gravity ; for  we  fhall 
afterwards  endeavour  to  point  out  the  principal 
deviations  from  thole  laws,  which  are  occafioned  by 
the  interference  of  other  caufes. 

I fhall  however  juft  mention,  previoufly  to  the 
ftatement  of  the  neceftary  propofitions,  that  though 
much  mention  is  made  of  the  particles  of  fluids, 
yet  by  this  expreflion  we  only  mean  indefinitely 
fmall  parcels  of  fluid ; for  we  arc  not  acquainted 
with  the  fhape  or  fize  of  thofe  particles,  nor  indeed 
with  that  dilpofition  which  renders  them  fo  very 
moveable  from  each  other.  Our  eyes,  either  naked 
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or  when  afllfted  by  the  moft  powerful  microfcopes, 
cannot  dilcover  any  component  particles  of  any 
fluid.  Some  (mail  bodies  are  indeed  to  be  feen  in 
certain  natural  fluids,  as  in  blood,  milk,  &c.  ; but 
thole  are  not  the  parts  which  conflitute  the  fluid; 
they  arefolid  or  compad  fmall  bodies,  which  fwim 
in,  or  are  mixed  with  the  fluid. 

Propofition  I.  Every  body , or  fyjlem  cf  bodies , en- 
deavours to  defend  zaith  its  centre  of  gravity  towards 
ike  centre  of  the  earthy  and  that  as  near  as  it  lies  in  its 
■power. 

The  truth  of  this  propofition  is  fully  manifefted 
by  all  that  has  been  already  faid  relatively  to 
the  centre  of  gravity,  and  to  the  mechanical 
powers:  but  as  it  is  the  foundation  of  the  dodrine 
of  hydroflatics,  it  will  be  of  ufe  to  render  it  ftilj 
more  familiar  to  the  reader. 

Thus  if  a folidbody  BD  (fig.  i.  Plate  X.)  be  left 
at  liberty,  it  will  fall  towards  the  ground,  and  if  it 
happen  to  hit  the  ground  with  one  end  B firft,  in 
the  oblique  diredion  in  which  it  is  reprefented,  it 
will  not  remain  in  the  fituation  which  is  indicated 
by  the  dotted  reprefentation,  but  it  will  fall  flat 
upon  the  ground,  as  at  BC ; for  in  that  flate  its 
centre  of  gravity  A will  come  as  near  as  it  poffiblv 
can  to  the  ground,  fi nee  the  gravitating  power  will 
force  the  body  to  move  on  until  a fufficient  impe- 
diment is  interpofed  between  the  centre  of  the  Earth 
and  the  centre  of  gravity  of  the  body. 
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Now  imagine  that  the  abovemcnticned  body  be 
very  foft,  and  it  is  plain  that  if  the  cohefion  ot  its 
parts  be  lefs  powerful  than  the  gravity  of  thofe  par- 
ticles, the  body  will  not  remain  in  the  fituation 
ABC,  but  will  fpread  itfelf  very  flat  and  dole 
tp  the  flat  lurface  of  the  ground,  in  order  that  its 
centre  of  gravity  may  come  as  near  as  pofiible  to 
the  centre  ot  the  earth. 

Farther,  let  the  body  AB,  (fig.  2.  Plate  X.)  con- 
fiding of  two  equal  balls  fattened  to  an  inflexible 
rod  AB,  be  placed  upon  the  fulcrum  D,  whilft  its 
centre  of  gravity  is  at  C,  viz.  in  the  middle  of  the 
rod  and  it  is  evident  that  the  end  B will  defcend 
until  the  body  remains  in  the  fituation  ot  the  dotted 
reprefentation  EG;  for  in  that  cafe  its  centre  of 
gravity  C is  as  low  as  the  obflacles  at  D and  G wilL 
permit  it  to  defcend. 

The  defcent  of  this  body  AB  may  be  prevented 
by  applying  a hand  or  fornc  other  obftacle  at  F j 
but  in  this  cafe  the  obftacle  at  F will  futfer  a pref- 
fure  upwards,  which  p re  flu  re  is  equal  to  the  excefs 
of  the  momentum  of  the  end  B above  the  mo- 
mentum of  the  end  A;  viz.  to  the  weight  of  B 
multiplied  by  BD,  minus  the  weight  of  A multi- 
plied by  AD  ; for  if  that  difference  were  added  to 
the  end  A,  the  centre  of  gravity  would  then  be  re- 
moved from  C to  D,  where  it  would  be  fupportcd 
by  the  fulcrum  D,  and  of  courfe  the  two  parts  of 
the  body  on  either  fide  of  D would  balance  each 
other;  fo  that  in  this  cafe  one  end  of  the  body 

prdfes 
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prefles  upwards,  becaufe  the  greater  momentum  of 
the  other  end  tends  downwards ; and  the  latter  can- 
not act  without  producing  the  former. 

Proportion  II.  A fluid  which  is  kept  in  any  veffel 
open  at  top , will  acquire , and  will  remain  at  reft  with , 
a fat  furface  parallel  to  the  horizon,  as  long  as  it  is 
not  difiurhed. 

This  is  a natural  confequence  of  the  preceding 
principle;  for  in  that  cafe  the  centre  of  gravity  of 
the  fluid  will  lie  as  low  as  it  poflibly  can.  Thus 
let  ABDC  (fig.  3.  Plate  X.)  reprefent  one  fide  of  a 
rectangular  veflei  containing  water  as  high  as  EF, 
whole  centre  of  gravity  is  G ; now  we  fhall  prove 
that  when  the  furface  ol  the  water  is  flat  and  hori- 
zontal, as  EF,  then  the  centre  of  gravity  of  the 
water  lies  loweft ; but  that  it  the  water  be  elevated 
on  any  part  of  that  furface,  and  of  courfe  lowered 
on  any  other  part,  then  the  centre  of  gravity  will 
be  removed  to  tome  place  higher  than  G. 

Imagine  that  the  water  be  dilpofed  in  the  fitua- 
tion  DKBC,  viz.  that  the  portion  KEH  be  re- 
moved to  the  place  BHF  ; and  in  this  cafe  the 
centre  of  gravity  L of  the  quantity  of  water  KDH 
FC  remains  in  its  original  fituation,  whilft  the 
centre  of  gravity  of  the  quantity  of  water  KEH  has 
been  removed  higher,  viz.  from  I to  S.  Now  fince 
the  common  centre  of  gravity  of  two  bodies  is  in  a 
flraight  line  between  the  refpedtive  centres  of  gra- 
vity of  thofe  bodies ; therefore,  the  common  centre 
of  gravity  of  both  the  quantities  of  water  formerly 

flood 
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Hood  at  G in  the  line  IS  ; whereas  it  now  (lands  at 

N y 

O in  the  line  LS,  viz.  evidently  higher  than  the 
level  of  G,  which  is  the  line  zr. 

This  reafoning,  which  has,  for  the  fake  of  bre- 
vity, been  applied  to  one  fide  of  the  veflel,  may 
be  eafily  adapted  to  any  fedtion  of  the  water  and 
veflel,  as  alio  to  veffels  of  any  lhapc,  and  to  any 
irregularity  which  the  furface  of  the  water  may 
be  fuppofed  to  acquire  ; for  in  any  cafe  the  coli- 
clulion  is  exadlly  the  fame,  namely,  that  the 
centre  of  gravity  of  a given  quantity  of  lome 
uniform  fluid,  like  water,  which  is  contained  in 
an  open  veflel  of  any  fhape,  (lands  at  the  lowed 
poflible  fituation,  when  the  whole  furface  of  the 
fluid  is  in  the  fame  horizontal  line. 

It  is  an  evident  confequence  of  this  proposition, 
that  if  a veflel  conjijl  of  two  pipes  perpendicular  to 
the  horizon,  and  open  at  top,  as  in  jig.  4.  Plate  X$ 
or  if  it  conjijl  of  various  pipes  communicating  with  each 
other,  ( how fo ever  they  may  be  inclined  to  the  horizon , 
but  open  at  top),  as  in  fig.  5.  Plate  X.  and  a quan- 
tity of  water,  or  of  other  fluid,  be  poured  into  any 
of  them,  the  water  will  rife  to  the  fame  horizontal 
line  or  level  in  all  the  pipes  'which  communicate  as 
above ; for  in  that  cafe  only  the  centre  of  gravity 
of  the  whole  quantity  of  water  will  lie  as  low  as 
the  veflel  can  admit  of. 

Th.ofe  perfons  who  may  think  it  flrange  that 
the  fluid  going  down  one  pipe  fhould  drive  a part 
of  the  fluid  upwards  in  the  other  pipe,  mud  con- 
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fider  that  this  is  analogous  to  the  preflure  upwards 
of  the  folid,  fig  2.  Plate  X.  as  explained  in  png<* 
27;  viz.  the  fluid  is  driven  upwards  in  one  pipe* 
iri  order  that  the  greater  quantity  of  fluid  in  the 
other  pipe  may  defeend  lower  down.* 

Propo- 


* Though  the  application  of  prop.  2cl.  to  the  above-men- 
tioned cafe  of  pipes,  &c.  be  very  obvious ; yet  to  prevent 
any  poffible  difficulty  in  the  mind  of  the  novice,  I {ball 
inftance  it  in  the  cafe  of  fig.  4.  by  which  example  the  at- 
tentive reader  may  be  fully  enabled  to  apply  it  to  any  other 
cafe. 

GD  and  FC  reprefent  two  equal  cylindrical  pipes  open 
at  top,  communicating  with  each  other  at  the  bottom,  and 
containing  water  as  high  as  AB  ; the  height  AD,  or  BC, 
being  10  feet:  it  is  evident  that  the  centre  of  gravity  of 
all  the  water  which  is  contained  in  thofe  pipes  mu  ft  be 
at  K,  viz.  five  feet  above  DC,  and  midway  between  the 
two  pipes ; whilft  the  centre  of  gravity  of  the  water  in 
each  pipe  is  at  Y and  rZ>  refpe&ively.  Now  fuppofe  it 
poffible  to  remove  two  feet  height  of  water  from  the  pipe 
GD  into  the  pipe  FC  ; then,  becaufe  the  pillar  of  water 
DE  which  remains  in  the  pipe  GD,  is  eight  feet  high,  its 
centre  of  gravity  muft  be  at  S,  4 feet  above  D ; and  be- 
caufe the  pillar  of  water  CP'  in  the  other  pipe  now  is  12 
feet  high,  its  centre  of  gravity  T muft  be  fix  feet  above  C ; 
fo  that  the  centre  of  gravity  of  the  water  in  GD  has  been 
lowered  as  much  as  the  centre  of  gravity  of  the  water  in 
FC  has  been  elevated ; hence  the  ftraight  line  ST  muft 
pals  through  the  point  K,  which  is  the  common  centre  of 
gravity  of  both  the  pillars  of  water  when  they  were  equal. 

2 But 
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Propofition  III.  The  prefiire  of  the  fume  fluid 
is  in  the  proportion  of  its  perpendicular  height,  and  is 
exerted  in  every  direction.  So  that  all  parts  of  the 
fame  fluid,  at  the  fame  depth,  prejs  each  other  iuilk 
equal  force  in  every  direction. 

In  fig.  5.  Plate  X.  it  is  evident  that  the  quan- 
tities of  water  in  the  different  pipes  prefs  equally 
sgainft  each  other;  fof  if  a quantity  of  water  be 
removed  from  any  one  of  thole  pipes,  tire  furface 
of  the  water  will  defeend  to  a lower  level  in  all  the 
other  pipes;  and  that  the  pteffure  is  exerted 
equally  in  every  direction  is  proved  by  obferving 
that,  however  the  pipes  are  connected  at  B,  the 
water  rifes  to  the  fame  level  in  them  all. 

In  order  to  prove  that  the  preffure  is  exactly 
proportional  to  the  perpendicular  height  of  the 
water,  let  ABE,  GPID,  be  (fig.  6.  Plate  X.)  two  cy- 
lindrical pipes  of  equal  diameter,  fituated  perpen- 
dicular to  the  horizon  ; and  let  them  contain  equal 
quantities  of  water,  which  of  courfe  muff  be 


But  now  the  quantity  of  water  CF  is  to  the  quantity  of  water 
ED,  as  12  to  8,  or  as  3 to  2 ; therefore  (fee  p.  yy.  y ol.  I.) 
the  diftance  of  their  common  centre  of  gravity  O from  S, 
muft  be  to  its  diftance  from  T,  as  3 to  2,  viz.  it  mult  be 
nearer  to  7'  than  to  S,  or  nearer  to  T than  the  point  K is  ; 
for  K is  midway  between  S and  T ; therefore,  by  remov- 
ing part  of  the  water  from  one  pipe  to  the  other,  the  centre 
of  gravity  of  the  whole  has  been  raifed ; hence  that  centre 
of  gravity  lies  loweft  when  the  furface  of  the  water  in 
both  pipes  is  in  the  fame  level,  or  horizontal  line,  AB. 

equally 
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equally  high  in  both  pipes,  viz.  AB  equal  to  CD  i 
and  the  p re  flu  res  on  the  bottoms  BE,  ED  muft 
evidently  be  equal.  Now  let  the  water  AFBE  be 
poured  into  the  other  pipe,  where  it  will  occupy  the 
Apace  GHFC,  fo  as  to  make  the  whole  perpen- 
dicular height  HD  double  the  height  CD.  And 
it  is  alfo  evident  that  the  quantity  of  water  GHFC 
muft  prefs  as  much  upon  the  furface  of  the  water 
FCED,  as  it  did  upon  the  bottom  Bis ; therefore 
the  preflure  on  the  bottom  ED  is  now'  double  of 
what  it  was  before,  viz.  a double  perpendicular 
height  occafions  a double  preflure.  In  the  fame 
manner  it  is  proved  that  a treble  perpendicular 
height  occafions  a treble  preflure ; or,  univerfally, 
that  the  preflure  is  as  the  perpendicular  height. 
And  the  lame  thing  is  evidently  true  with  refpedt 
to  any  other  uniform  fluid. 

Notwithftanding  the  evidence  of  this  demon- 
ftration,  fome  of  my  readers  may  ftill  wonder  that 
a imall  quantity  of  w'ater,  fuch  as  is  contained  in 
the  pipe  AB,  (fig.  7.  Plate  X.)  fhould  balance  the 
large  quantity  of  water  in  the  pipe  DC  ; and  to 
thole  it  may  be  of  ufe  to  lee  this  property  ex- 
hibited in  another  light. 

Suppofe  then  that  the  capacity  of  the  cylindri- 
cal veflel  F1DC  be  equal  to  100  times  the  capa- 
city of  the  other  cylindrical  veflel  AFB.  Now  if 
the  water  were  to  rife  one  inch  above  ED  in  the 
large  veflel,  it  is  evident  that  it  would  neccflarily 
fall  100  inches  below  AF  in  the  fmall  veflel ; fo 

that 
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that  the  lpaces,  through  which  thofe  two  quantities 
of  water  move,  or  their  velocities,  are  inverfely 
as  their  quantities,  or  their  weights : hence  their 
momentums  are  equal,  and  of  courfe  they  balance 
each  other,  in  the  fame  manner  as  the  two 
weights  R and  Z of.  fig.  8.  Plate  X.  balance  each 
other,  when  the  arms  of  the  rod  on  either  fide  ot 
the  prop  S are  inverfely  as  the  weights. 

It  is  an  evident  confcquence  of  this  proportion, 
that  the  prejfure  on  any  determined  part  of  the  bottom , 
or  of  the  ftdes,  of  any  vejj'el  containing  a uniform  fluid, 
like  water , is  equal  to  the  weight  of  a pillar  of  that 
fluid  having  a bafe  equal  to  that  part  of  the  bottom , 
or  fide , and  the  altitude  equal  to  the  perpendicular 
height  of  the  fluid  above  it. 

Whence  we  may  calculate  the  preffures  upon, 
and  of  courfe  the  ftrength  required  for,  dams, 
pens,  citterns,  aquedu&s,  dikes,  flood-gates,  &c.  (1.) 

Before 


(1.)  The  pradtical  application  of  this  corollary  to  fuch  fur- 
faces  as  are  parallel  to  the  upper  furface  of  the  fluid,  is  eafy 
and  obvious ; for  vve  need  only  multiply  the  given  furface 
by  the  perpendicular  altitude  of  the  fluid  above  it.  Thus  if 
it  be  required  to  determine  the  preffure  upon  two  fquare 
feet  of  the  flat  bottom  of  a veffel  which  contains  three  feet 
perpendicular  depth  of  water,  we  multiply  2 feet  by  3,  and 
the  product  is  6 ; viz.  the  propofed  part  of  the  bottom 
fuftains  a preffure  equal  to  the  weight  of  fix  cubic  feet  of 
water;  but  one  cubic  foot  of  water  weighs  about  joooavoir- 
voi.  n.  o dupoife 
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Before  we  proceed  any  farther,  it  is  neceflary  to 
obferve,  that  the  furface  of  the  water,  or  of  any 
other  fluid,  has  been  faid  to  affume  a flat  horizon- 
tal furface,  or  to  come  to  the  fame  horizontal  line, 

in 


dupoife  ounces ; therefore  the  above-mentioned  prelTure  is 
equal  to  6000  ounces,  or  to  375  pounds. 

But  the  application  of  it  to  oblique  or  curve  furfaces  is  not 
equally  obvious ; for  every  point  of  fuch  furfaces  is  at  a 
different  diftance  from  the  upper  furface  of  the  fluid:  we 
fhall,  therefore,  endeavour  to  elucidate  it  in  a more  par- 
ticular manner ; and  for  this  purpofe  it  will  be  neceffary 
to  premife  the  following  propofition,  which  is  demonfirated 
in  aneafy  and  perfpicuous  manner,  as  given  by  Mr.  Cotes 
in  his  Hydroftatica!  Le&ures. 

if  any  indefinitely  fmall  part  or  point  of  a furface,  or  num- 
ber of  Jurfaces , be  multiplied  by  its  perpendicular  difiance 
from  any  given  plane  ; the  fum  of  the  products  will  be  equal 
to  the  product  of  the  whole  furface , or  number  of  furfaces , 
multiplied  by  the  perpendicular  difiance  of  the  centre  of  gra- 
vity of  the  jingle  furface,  or  of  the  common  centre  of  gravity 
of  the  whole  number  of  furfaces , from  the  fame  plane. 

In  fig.  17.  Plate  X.  let  any  number  of  quantities  a,  b, 
1,  d,  represent  as  many  weights,  hanging  at  their  centres  of 
gravity,  a,  b , c , d,  by  the  lines  ao,  bo,  co,  do,  fixed  to  any 
horizontal  plane  0,0,0 , 0;  and  let  z be  the  common  centre 
of  gravity  of  all  the  weights,  and  zo  its  perpendicular  dif- 
tance from  that  plane:  I fay  that  a xao  + b xbo  + c Xco 
-{-  d x do  a -f-  b -f  c -f  d x zv. 

f or  let  the  common  centre  of  gravity  of  the  weights 
*fj  i>,  be  the  point  Xy  and  to  the  line  xo,  drawn  parallel  to  the 

reft, 
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m fucli  pipes  as  communicate  together,  on  the 
fuppofition  that  the  force  of  gravity  a6ts  in  the 
diredtion  of  parallel  lines  ; and  fuch  appears  to  be 
the  cafe  with  fmall  furfaces  of  water,  as  for  in- 

flance. 


reft,  let  am  and  bn  be  perpendiculars.  Then  by  the  fimilar 
triangles  mxa , nxb , we  have  mx  : nx  : : (xa  : xb  : : ) b : 
by  the  known  property  of  a centre  of  gravity.  Hence 
aXmx  — b xnx,  or aXmo  — xozzb  Xxo — no,  or,  ax.mo  — - 
a x xo—b  x xo  — bx.no:  whence  axmo  + bxno  — a + b 
xxo-,  which  was  to  be  proved  in  the  fimpleft  cafe  of  the 
propofition. 

Now  let  a weight  x=a  + b,  be  fufpended  by  a line  xo , in 
the  common  centre  of  gravity  of  a and  b ; and  likewife  a 
weight  y — * + r,  in  the  common  centre  of  gravity  of  .vandr; 
and  alfo  a weight  z~y  + d in  the  common  centre  of  gravity 
of  y and  d : Then  z is  the  common  centre  of  gravity  of 
all  the  weights  a,  b , c,  d,  firft  propofed. 

Confequently,  by  what  has  been  proved  in  the  firft  cafe, 
we  have  a xao  + bx  bo—x  x xo-,  and  likewife  at  x xo  + c Xco  — 
yxyo-,  and  likewife  yxyo  + dxdo  — zxzo:  confequently, 
axao  + bxbo  + cx  co—yxyo -,  and  likewife  aXao  + bxboy 

cXco-\-dxdozz(zXzo~)  a + b + c+dxzo-,  which  was  to 
be  proved. 

Hence  if  a furface  or  number  of  furfaces  of  any  kind  be 
confidered  as  equally  ponderous  in  every  equal  part,  and  as 
divided  into  indefinitely  fmall  parts,  fufpended  by  lines 
drawn  from  their  centres  perpendicularly  to  any  horizontal 
plane;  it  is  manifeft  that  if  every  part  be  multiplied  refpec- 
tively  into  its  perpendicular  line,  the  fum  of  the  products 
will  be  equal  to  the  product  of  the  whole  furface  multiplied 
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fiance,  a fmall  pond,  a ciflern,  he.  But  flnee  the 
force  of  gravity  tends  to  the  centre  of  the  Earth, 
every  point  of  the  furface  of  the  water,  or  of  any 
other  fluid,  when  quiefcent,muft  be  equidiflantfrom 

that 


into  the  perpendicular  diftance  of  its  centre  of  gravity  from 
the  faid  plane ; and  that  this  equality  of  the  products  will 
fubfift  even  if  the  faid  lines  be  perpendicular  to  any  plane, 
though  not  parallel  to  the  horizon. 

This  being  premifed,  the  method  of  determining  the 
preffure  of  a fluid  upon  any  given  furface  becomes  evident 
and  general ; for  confidering  the  upper  furface  of  the  fluid 
as  the  above-mentioned  plane,  in  the  firfl:  place  we  find  the 
area  of  the  given  furface  (by  common  menfuration) ; fe- 
condly,  we  find  the  centre  of  gravity  of  the  fame  (by  the 
rules  of  chap.  VI.  P.  I.):  then  multiply  the  area  of  the  given 
furface  by  the  perpendicular  diftance  of  its  centre  of  gra- 
vity from  the  furface  of  the  fluid,  and  the  product  will 
exprefs  the  preffure.  Thus  the  preffure  on  the  furface  of 
an  hemifpherical  veflel  full  of  water,  is  equal  to  the  pro- 
duct of  its  furface  multiplied  by  its  radius. 

Thus  aifo  the  preffure  upon  the  fide  ABCD  of  the 
rectangular  veflel,  fig.  18.  Plate  X.;  full  of  water,  is  equal 
to  the  produCt  of  the  area  ABCD  multiplied  by  half  the 
depth  of  the  water ; viz.  by  the  diftance  of  the  centre  of 
gravity  E of  the  propofed  furface  from  the  furface  of  the 
water. 

It  appears  from  what  lias  been  faid  above,  that  the  pref- 
fure of  a fuperincumbent  fluid  on  the  fide  of  a veflel,  or,  in 
general,  on  any  furface  which  is  not  parallel  to  the  furface 
of  the  fluid,  muff  be  unequally  diftributed  over  it.  Thus, 
for  inftance,  if  through  the  centre  of  gravity  E of  the  fide 

ABCD, 
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that  centre:  lienee  that  fluid  mutt  afliime  a fphe- 
roidical  furface,  like  that  of  the  Earth;  and  this 
curvature  is  both  vifible  and  mealurable  in  large 
iurfaces  of  water,  as  that  of  the  fea. 

Since 


A BCD,  fig.  18.  Plate  X,  an  horizontal  line  be  drawn, 
which  divides  that  fide  into  two  equal  parts;  it  is  evident 
that  the  prefTure  on  the  lower  half  is  greater  than  the  pref- 
fure  on  the  upper  half,  becaufe  the  former  lies  deeper  into 
the  water.  Therefore  there  muft  be  an  horizontal  line 
lower  than  the  middle  E,  which  divides  the  fide  ABCD 
into  two  fuch  unequal  parts,  as  that  the  prefTure  of  the  fluid 
upon  one  of  thofe  parts  be  equal  to  the  prefTure  of  the  fluid 
upon  the  other.  Hence  if  the  whole  prefTure  of  the  fluid 
were  colledted  upon  that  line,  it  would  have  the  fame  effedt 
upon  the  plane,  as  when  it  was  diftributed  unequally  upon 
it. 

It  maybe  likewife  eafily conceived,  that  in  the  laft  men- 
tioned line  there  muft  be  a point,  in  which  if  the  whole 
prefTure  were  collected,  it  would  have  the  fame  effect  upon 
the  plane  as  when  the  prefTure  was  unequally  diftributed  all 
over  it. 

It  follows,  that  if  exadtly  againft  that  point,  but  on  the 
oppofite  fide  of  the  plane,  a force  be  applied  equal  to  the 
whole  prefTure  of  the  fluid  upon  that  plane,  this  force  would 
exactly  counteract  that  prefTure,  and  the  plane  would  remain 
perfectly  at  reft,  viz.  it  would  not  incline  to  any  fide.  Now 
that  point  in  any  furface  is  called  the  centre  of  prefers  of 
that  furface.,  and  may  be  inveftigated  by  means  of  a fluxion- 
ary calculation.  But  for  this  inveftigation,  which  goes  rather 
beyond  the  limits  of  an  elementary  treatife,  I muft  refer  my 

jd  3 inquifitive 
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Since  fluids  prel's  in  every  direction,  and  that 
preffure  is  as  their  perpendicular  heights  ; therefore, 
at  the  fame  depth,  the  particles  of  the  fluid  prefs 
equally  again  ft  each  other.  Alfo,  fince  equal  bulks 
of  a uniform  fluid  are  of  equal  weight,  therefore  no 
motion  can  take  place  in  a fluid  without  fome  ex- 
ternal caufe ; but  if  one  parcel  of  the  fluid  becomes 
lighter  or  heavier  than  the  reft,  then  that  portion 
will  afeend  or  defeend  in  the  fluid,  giving  way  to 
other  parcels  of  the  fluid  that  are  heavier  or  lighter 
than  itfelf. 

When  the  bottom,  or  one  fide  of  a veffel  full  of 


inquifuive  readers  to  the  works  of  other  writers.  It  is 
necefi’ary  however  to  add  the  following  obfervations. 

In  this  cafe  the  plane,  which  fuftains  the  preflure  of  the 
fluid,  is  fuppofed  to  be  an  inflexible  plane,  or  the  furface  of  a 
very  fubftantial  folid ; for  if  the  plane  be  the  thin  fide  of  a 
veffel,  or  any  other  very  flexible  fubftance,  the  preflure  col- 
lected in  one  point  would  not  produce  the  fame  effect  as 
when  it  is  diftributed  over  the  whole  plane.  It  may  be 
fuftained  in  the  latter  cafe,  whereas  it  might  bend  or  burft 
the  plane  in  the  former. 

Various  writers  have  concluded,  that  if  a plane  immerfed 
in  a fluid  be  luppofed  to  be  extended  until  it  cuts  the  fur- 
face  of  the  fluid,  and  if  that  fection  be  confidered  as  the 
axis  of  motion  of  a pendulum  whole  bob,  or  fufpended 
body,  is  the  propofed  plane;  the  centre  of  ofcillation  of 
fuch  a pendulum  coincides  with  the  centre  of  preffure  of 
that  plane.  But  Profeffor  Vince  fhews,  in  his  principles  of 
hydroftatics,  Se<ft.  I»  Prop.  XII.  that  thofe  points  leldotn 
coincide, 

fluid 
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fluid  is  heated,  the  fluid  which  is  contiguous  to  the 
heat,  is  thereby  rarefied,  viz.  its  bulk  becomes  enlar- 
ged, and  of  courfe  it  becomes  lighter  than  an  equal 
bulk  of  the  fame  fluid  which  is  not  fo  rarefied ; hence 
it  afeends  in  it,  &c, — And  this  is  the  caufe  of  the 
motion  which  takes  place  in  fluids  that  are  heating 
or  boiling. 

The  fame  thing  which  has  been  faid  of  fluids  in 
fluids,  or  of  the  parcels  of  a fluid,  is  applicable  to 
folids,  viz.  a folid  at  any  depth  is  prefled  in  propor- 
tion to  the  perpendicular  altitude  of  the  fluid  over 
it  j but  as  that  preflure  ads  on  every  fide,  the  body 
will  not  afeend  nor  delcend  iu  the  fluid,  unlefs  its 
weight  is  fmaller  or  greater  than  that  of  an  equal 
bulk  of  the  furrounding  fluid. 

If  the  immerfed  body  be  comprefiible,  fuch  as  a 
bladder  full  of  air,  then  the  preflure  of  the  fuper- 
incumbent  fluid,  according  to  its  perpendicular 
height,  will  be  rendered  manifeft ; for  the  deeper 
the  body  is  conveyed,  the  more  will  its  bulk  be 
con  traded,* 

If 


* Sailors  at  Tea  frequently  fhew  the  following  experi- 
ment: They  cork  an  empty  bottle,  (viz.  a bottle  full  of 
air),  tie  it  to  a rope,  to  which  is  added  a leaden  weight, 
and  let  the  whole  down  into  the  fea  to  a certain  depth; 
they  then  pull  up  the  apparatus,  and  generally  find  that 
either  the  cork  is  driven  into  the  bottle,  or  the  bottle  is 
broken.  But  if  the  experiment  be  tried  with  a bottle  full 
©f  Water,  or  of  wir.e,  and  corked  as  before,  no  alteration 

I)  4 will 
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If,  when  a folid  is  immerfed  in  a fluid,  the  preffure 
of  the  fluid  on  one  fide  of  the  body  be  prevented, 
then  the  preffure  on  the  other  fides  of  it  will  be 
rendered  manifeft ; and  by  this  means  a body 
adtually  heavier  than  an  equal  bulk  of  water,  may 
be  caufed  to  be  prefled  upwards  by  the  water ; and, 
on  the  other  hand,  a body  actually  lighter  than  an 
equal  bulk  of  water  may  be  caufed  to  be  prefled 
downwards  by  the  water. 

Take  a glafs  tube  about  18  inches  long,  as  AB 
fig.  20.  Plate  X.  open  at  both  ends,  and  let  its 
lower  end  be  ground  quite  flat  and  fmooth.  Let  a 
brafs  plate  C,  a little  larger  than  the  diameter  of 
the  tube,  be  ground  likewife  very  flat,  and  fix  a 
little  hook  to  its  middle,  to  which  a firing  D c mull 
be  tied.  Place  the  brafs  plate  againft  the  aperture 
of  the  tube,  and  by  pulling  the  tiring  at  D,  keep 

the 


will  take  place.  This  difference  of  effect  is  owing  to  the 
bottle  being  full  of  a compreffible  fluid  in  the  former  cate, 
and  of  a non-comprellible  fluid  in  the  latter. 

At  the  depth  of  32  feet  below  the  furface  of  the  fea, 
a diver  has  been  calculated  to  be  preffed  with  the  weight  of 
about  28000  avoirdupoife  pounds;  yet  as  that  preffure  is 
i-iftributed  all  over  his  body,  and  the  human  body  confifts 
mollly  of  non-elaftic  fluids  or  of  folids,  he  does  not  feel  any 
remarkable  inconvenience  from  it. — This  preffure  is  calcu- 
lated in  the  following  manner. 

The  furface  of  the  body  of  a middle  fized  man  is  reckoned 
equal  to  about  14  fquare  feet,  therefore  a diver  fftuated  32 
9 feet 
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the  plate  tight  againft  the  tube.  In  this  fi tuition 
immerge  the  tube  in  the  water,  until  the  plate  is 
below  the  furface  to  the  depth  of  more  than  8 or 
10  times  its  thicknefs.  Then  if  the  firing  be  let 
go,  the  plate  will  not  fall  off,  but  will  remain 
adhering  to  the  glafs  tube;  the  reafon  of  which  is, 
that  now  the  water  prelfes  only  againft  the  under- 
part  of  the  brafs  plate.  And,  in  fad,  if  water  be 
poured  into  the  tube,  then  the  plate  will  be  imme- 
diately feparated  from  the  tube,  and  will  fall  to  the 
bottom  of  the  vefl'el  EF. 

A brafs  plate  ac,  fig.  21.  Plate  X.  very  flat  and 
finooth,  mull  be  cemented  to  the  bottom  of  a veffel 
EF;  a fimil’ar  fmooth  brafs  plate,  to  which  a large 
cork  is  cemented  fo  as  to  form  a compound  body 
lighter  than  an  equal  bulk  of  water,  muft  be  laid 
upon  the  former  plate,  and  in  very  clofe  contad  with 


feet  below  the  furface  of  the  fea  is  preffed  by  a pillar  of 
water  whofe  bale  is  i4fquare  feet,  and  altitude  32  feet.  Now 
fuch  a pillar  contains  ( 14  x 32  — ) 448  cubic  feet  of  water, 
and  as  acubic  foot  of  water  weighs  about  icoo  avoirdupoife 
ounces;  therefore  the  weight  of  fuch  a pillar  is  (448  X icoo 
— ) 448000  ounces,  or  28000  avoirdupoife  pounds. 

In  this  calculation  the  furface  of  the  body  of  the  diver 
Fas  been  confidered  as  being  all  at  an  equal  dillance  from 
the  furrace  of  the  fea,  which  is  not  really  the  cafe;  but  at 
the  depth  of  32  feet  the  difference  of  perpendicular  diftance 
of  the  various  parts  of  the  body  is  not  confiderable  ; fo  that 
the  rtfuit  of  the  calculation  is  very  near  the  truth,  especially 
if  the  depth  be  reckoned  from  the  middle  of  the  body. 


it. 
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it.  Then  by  applying  a hand,  ora  (lick  to  the  upper 
part  of  the  cork,  Keep  it  down  until  the  vetTcl  EF 
be  filled  with  water.  This  done,  remove  the  hand 
or  flick  from  over  the  cork,  and  it  will  be  found 
that,  though  fpccificaily  lighter  than  water,  the 
cork  and  brafs  plate  will  not  afeend  to  the  furface 
of  the  water.  The  realon  of  which  is,  that  the 
water  cannot  in  this  cafe  prefs  on  the  lower  furface 
of  that  brafs  plate.  And  in  faeft,  if  by  means  of  the 
flick  or  hand,  the  upper  brafs  plate  be  feparated  a 
little  from  the  lower  one,  fo  that  the  water  may 
enter  between  them,  then  the  upper  plate  with  the 
cork  will  immediately  afeend  to  the  lurface  of  the 
water. 

Propofition  IV.  When  fluids  of  different  fpeciflc 
gravities  mutually  prefs  againfl  each  other , their  fur- 
faces  cannot  lie  in  the  fame  level ; but  their  perpendi- 
cular altitudes  above  the  level  of  their  junElion  are 
inverfely  as  their  fpeciflc  gravities . 

1 he  weights  of  equal  bulks  of  different  bodies 
are  called  their  fpeciflc  gravities , or  their  relative 
weights.  Thus,  for  inftance,  if  you  fill  a veffel 
with  water,  and  weigh  its  then  remove  the  water, 
fill  it  equally  full  with  quickfilver  and  weigh  it 
again,  you  will  find  it  to  weigh  in  the  latter  cafe 
14  times  as  much  as  it  weighed  in  the  former*  : 
therefore  the  fpecific  gravity  of  quickfilver  is  laid  to 


* 14  is  rather  greater  than  the  truth.  The  real  weight 
will  be  (hewn  hereafter. 


be 
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, be  14,  whild  the  fpecific  gravity  of  water  is  faid  to 
be  one ; and  fo  of  the  reft.  Hence  the  weights 
of  bodies,  or  their  abfolute  weights,  are  exprefled  by 
the  products  of  their  bulks  multiplied  by  their 
refpe&ive  fpecific  gravities ; for,  in  the  above-men- 
tioned inftance,  it  the  weight  of  quickfilver  is  14 
pounds,  when  that  of  an  equal  bulk  of  water  is 
one  pound,  it  follows  that  4 times  that  bulk  or 
quickfilver  mutt  weigh  4 times  14,  or  56  pounds; 
that  10  times  that  bulk  of  quickfilver  mud  weigh 
140  pounds;  that  twice  that  bulk  of  wrater  mud 
weigh  twice  one,  viz.  2 pounds  ; and  fo  forth. 

Now  let  the  part  ECDF  of  the  cylindrical  bent 
tube,  fig.  9.  Plate  X.  be  filled  wfith  quickfilver, 
the  furface  of  which  will  come  to  the  fame  level 
EF  in  both  legs.  Then  fuppofe  that  one  inch 
height  of  quickfilver,  viz.  GE,  be  removed  from 
the  pipe  CS,  and  that  indcad  of  it  fourteen  in- 
ches of  water,  viz.  GS,  be  added;  it  is  evident 
that  fince  quickfilver  is  fourteen  times  as  heavy  as 
water,  the  perpendicular  pillar  of  w'ater  GS  mud 
prels  upon  the  furface  of  the  quickfilver  GV,  as 
much  as  the  perpendicular  pillar  of  quickfilver 
EG : hence  the  preflure  againd  the  quickfilver  in 
the  pipe  BD  remaining  the  fame,  its  furface  mud 
remain  at  F.  But  the  furface  of  the  water  is  at  S, 
v’z.  14  inches  above  the  level  GZ  of  the  jundion 
of  the  two  fluids,  whild  the  furface  F of  the 
quickfilver  is  one  inch  above  the  faid  level.  There- 
fore the  perpendicular  heights  of  thofe  fluids  above 

the 
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the  level  of  their  junction  are  inverfely  as  their 
fpecific  gravities. — The  like  reafoning  may  evi- 
dently be  applied  to  all  other  fluids,  and  to  vefTels 
of  any  other  fhape : therefore  the  proportion  is 
univerfally  true. 

Propofition  V.  A body  floating  in  a fluid  dif- 
places  a quantity  of  the  fluid , the  weight  of  which  is 
equal  to  the  weight  of  the  body. 

Thus  the  body  DB,  fig.  io.  PI.  X.  floating 
on  the  fluid  FHG,  weighs  as  much  as  the  quantity 
of  that  fluid  which  would  exactly  fill  up  the 
fpace  ABCE ; for  the  body  DB  is  kept  in  that 
place  by  the  preflure  of  the  furrounding  water, 
which  fame  preflure,  previoufly  to  the  immerfion 
of  the  body,  was  juft  fufficient  to  keep  in  the 
fame  place  a quantity  of  the  fame  fluid  equal  to 
the  fpace  ABCE  : therefore  the  weight  of  that 
quantity  of  the  fluid  is  equal  to  the  weight  of  the 
body. 

The  following  confequences,  or  corollaries,  are  na- 
turally deduced  from  this  proportion. 

i.  If  the  fame  body  be  fucceflively  placed  on 
fluids  of  different  fpecific  gravities,  it  will  dilplace 
different  quantities  of  thofe  fluids;  that  is,  it  will 
fink  deeper  in  the  lighter  than  in  the  heavier 
fluid. 

1.  If  the  weight  of  the  body  be  equal  to  that  of 
an  equal  bulk  of  the  fluid,  then  that  body  will  re- 
main at  reft  in  any  part  of  that  fluid  below  the 

furface. 
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furface,  and  no  part  of  the  body  will  appear 
above  the  furface  of  the  fluid. 

3.  If  a body  heavier  than  an  equal  bulk  of  a cer- 
tain fluid,  be  placed  on  the  furface  of  that  fluid, 
it  will  link  with  the  excels  of  weight  by  which 
the  weight  of  the  body  exceeds  the  weight  of  an 
equal  bulk  of  the  fluid.  Thus,  if  a body  which 
weighs  three  pounds  be  put  in  water,  and  a quan- 
tity of  water  equal  in  bulk  to  that  body  weighs 
two  pounds ; then  the  body  will  defeend  in  the 
water  with  the  force  of  one  pound  ; the  meaning 
of  which  is,  that  if  that  body  be  tied  by  means  of 
a firing  to  one  fcale  of  a balance,  and  be  weighed, 
firfl:  out  of  the  water,  and  then  in  water,  as  in 
fig.  1 1.  PI.  X.  it  will  be  found  to  weigh  three 
pounds  out  of  the  water,  and  one  pound  in  water: 
whence  it  follows,  that  if  the  weight  of  a body  be 
divided  by  that  weight  which  it  lofes  in  water,  the 
quotient  fhews  its  fpecific  gravity ; viz.  it  fliews 
how  many  times  that  body,  is  heavier  than  an 
equal  bulk  of  water. 

4.  If  a body  lighter  than  an  equal  bulk  of  a 
certain  fluid  be  placed  at  the  bottom  of  a veil'd 
full  of  that  fluid,  that  body  will  afeend  with 
more  or  lefs  force,  according;  as  the  difference  of 
weight  between  the  body  and  an  equal  bulk  of  the 
fluid  is  greater  or  fmaller;  becaufe  a quantity  of 
the  fluid  equal  to  it  in  bulk,  but  heavier  than  the 
body,  will  continuity  take  its  place,  until  part  of 
the  body  projeils  above  the  furface  of  the  fluid ; 

and 
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and  only  fuch  a part  of  it  will  remain  in  the  fluid, 
as  can  difplace  a quantity  of  the  fluid  whofe  weight 
equals  the  weight  of  the  body.  Therefore  in  order 
to  keep  that  body  below  the  furface  of  the  fluid, 
you  mud  prefs  it  with  a weight  equal  to  the  dif- 
ference between  the  weight  of  the  body  and  the 
weight  of  an  equal  bulk  of  the  fluid. 

5.  If  a body  be  cauled  to  float  fucceflively  on 
two  different  fluids,  the  quantities  of  thofe  fluids, 
which  are  difplaced  by  that  body,  and  likewife  the 
parts  of  that  body  which  are  immerfed  in  the  two 
fluids,  will  be  inverfely  as  the  fpecific  gravities  of 
thofe  fluids.  Thus,  fuppofe  that  a lolid  body 
weighs  5 lbs.  that  an  equal  bulk  of  water  weighs 
10  lbs.  and  that  an  equal  bulk  of  another  fluid 
weighs  1 5 lbs.  in  which  cafe  the  fpecific  gravities 
of  the  folid  body,  of  the  water,  and  of  the  other 
fluid,  are  as  1,  2,  and  3 : Then  that  body,  when 
floating  upon  water,  will  difplace  a quantity  of  w'a- 
ter  which  is  equal  to  one  half  of  its  bulk,  and 
when  floating  upon  the  other  fluid,  it  will  difplace 
a quantity  of  that  other  fluid,  which  is  equal  to 
one  third  part  of  its  bulk.  But  one  half  is  to  one 
third,  as  3 is  to  2,  and  thofe  numbers  are  inverfe- 
ly as  the  fpecific  gravities  of  water  and  of  the 
other  fluid. 

6.  When  a folid  is  floating  upon  a fluid,  the 
part  immerfed  is  to  the  whole  folid,  as  the  fpecific 
gravity  of  the  folid  is  to  the  fpecific  gravity  of  the 
fluid ; for  when  the  fpecific  gravity  ot  the  folid  is 

equal 


I- 


\)j  llydrbftatics.  47 

equal  to  that  of  the  fluid,  then  the  folid  difplaccs 
a quantity  of  lluid  equal  in  bulk  to  itfelf;  when 
the  fpecific  gravity  of  the  folid  is  the  half  of  that 
of  the  fluid,  then  it  difplaces  a quantity  of  fluid 
the  bulk  of  which  is  equal  to  the  hall  of  its  own 
bulk  ; and  fo  forth. 

7.  All  bodies  retain  their  whole  gravity  when 
immerfed  in  a fluid  ; but  that  gravity  is  either 
partly  or  entirely  counteradled  by  the  preffure  of 
the  fluid,  according  as  the  gravity  of  the  irn- 
merfed  body  is  equal  to,  or  different  from,  that  of 
an  equal  bulk  of  the  fluid. 

Propofition  VI.  If  a lighter  fluid  reft  upon  a 
heavier , and  a body  whofe  fpecific  gravity  is  greater 
than  that  of  the  upper , and  lefts  than  that  oft  the 
lower  fluid , remain  between  than ; the  part  of 
it  zvhich  (lands  in  the  upper  fluid  is  to  the  pari  of  it 
which  flands  in  the  lozver  fluid , as  the  difference  be- 
tween the  fpecific  gravity  oft  the  lozver  fluid  and  the 
fpecific  gravity  oft  the  body , is  to  the  difference  be- 
tween the  fpecific  gravity  of  the  upper  fluid  and  the 
fpecific  gravity  of  the  body. 

The  demonflrations  of  this  and  of  the  following 
propofuions  will  be  found  in  the  notes;  fo  that 
the  reader  may,  according  to  his  capacity,  either 
examine  them,  or  take  the  propofitions  for  grant- 
ed. (2.) 

Cor- 

(2.)  Fig.  12.  Plate  X.  reprefents  a veffel  which  contains 
two  fluids,  whereof  ADEF  is  the  lighter,  whofe  fpecific  gra- 
vity 
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Cor.  The  part  L is  to  the  whole  body , as  the  dif- 
ference between  the  fpecific  gravities  of  the  j olid  and 
lighter  fluid , is  to  the  difference  betzveen  the  fpecific 
gravities  of  the  heavier  and  lighter  fluids.  (3.) 

Proportion 


vity  is  a;  EFG  the  heavier,  whofe  fpecific  gravity  is  b: 
UL  is  the  body,  whofe  fpecific  gravity  is  c,  and  which  re- 
mains with  the  part  U in  the  upper,  and  with  the  part  L 
in  the  lower,  fluid. 

It  has  been  fhewn  in  cor.  3.  of  prop.  V.  that  if  the 
weight  of  a body  be  divided  by  the  weight  which  it  lofes 
in  a fluid  (which  is  the  weight  of  an  equal  bulk  of  that 
fluid)  the  quotient  will  exprefs  the  fpecific  gravity  of  that 
body  in  companion  with  that  of  the  fluid,  which  will  be 
called  unity.  Therefore  if  the  weight  of  the  body  out  of 
the  fluid  be  divided  by  its  fpecific  gravity,  the  quotient  will 
be  the  weight  of  a quantity  of  that  fluid  equal  in  bulk  to 
the  body.  Hence  it  appears  that  the  weight  of  the  body 
is  c x U + L,  that  the  weight  of  that  quantity  of  the  lower 
fluid  which  is  difplaced  by  the  part  L,  is  L b,  and  the 
weight  of  that  quantity  of  the  upper  fluid  which  is  dif- 
placed by  the  part  U,  is  U a : therefore  L b+U  a — c x 
U + LrrUc  + Lr.  Hence  L £ — Lc-Ut  — U a-,  or  Lx 
b — c =zU  X c — a : therefore  U : L : : b — c : c — a. 

(3.)  The  laft  analogy,  by  inverfion  and  compofition, 
becomes  L : L 4-  U : : c — a : b — a. 

Confidering  that  we  are  furrounded  by  a thin  and  invi- 
fible  fluid  called  air,  (as  will  be  more  particularly  fhewn 
in  the  fequel)  in  which  we  conflantly  move  and  live;  it 
fallows  that  a body  when  weighed  in  the  common  way, 
that  is,  in  air,  weighs  lefs  than  if  it  were  weighed  in  vacuo. 
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Proportion  yn.  If  two  fluids  be  mixed  together , 
the  bulk  of  the  heavier  fluid  is  to  the  bulk  of  the 
lighter , as  the  difference  between  the  fpecific  gravities 
of  the  mixture  and  of  the  lighter  fluid , is  to  the 
difference  between  the  fpecific  gravities  of  the  mix- 
ture 


viz.  where  there  is  no  air ; “ alfo,  that  if  any  fubftance 
lt  float  upon  the  furface  of  a fluid  in  vacuo,  upon  admit- 
« ting  the  air,  the  floating  body  will  rife  higher  above  the 
u furface,  fo  that  the  proportion  of  the  part  immerfed  to 
u the  whole  will  be  fomewhat  lefs  than  before.  The  dif- 
l<  ference  of  the  parts  of  a folid  immerfed  in  a fluid,  when 
4t  in  vacuo,  and  in  open  air,  may  be  eftimated  in  general 
“ thus.”  — Atwood's  Dfcrip.  of  Experiments  for  a Courfe 
of  Leftures. 

Let  m — the  magnitude  of  the  folid  bodyj 

s — its  fpecific  gravity ; 

A the  part  immerfed  when  in  open  air  ; „ 

B = the  part  immerfed  when  in  vacuo; 

a — the  fpecific  gravity  of  the  fluid  in  which  the 

folid  is  immerfed  ; 

g ~ the  fpecific  gravity  of  air. 

Then  (Cor.  6.  of  Prop.  V.)  B : m : : s : a ; and  B=; 
ms 

— to  the  part  immerfed  in  the  fluid  when  no  air  is  over  it. 
By  the  corollary  to  the  lafl  Prop.  A : m ::  s — g : a — gi 

and  A = m x = to  the  part  immerfed  in  the  fluid 

Z 

when  the  air  is  over  it,  as  in  the  common  way,  .And  the 


difference  of  thofe  parts  = B — A — ~ 

a 


c—g 


my.sa  — s g — s a 4 a g mgya — • s 
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ture  and  of  the  heavier  fluid.  'Then  as  the  bulk 
of  the  heavier  fluids  multiplied  by  its  fpecific  gra- 
vity, is  to  the  bulk  of  the  lighter  fluid  multiplied  by 
its  fpecific  gravity , fo  is  the  weight  of  the  heavier 
fluid  to  the  weight  of  the  lighter  fluid  (3). 

The  fame  thing  mud  be  underftood  of  two 


The  fpecific  gravity  of  air  (viz.  g)  is  about  0,0013; 
hence,  by  making  the  computation,  it  will  appear  that  the 
exiftence  of  the  air  over  a fluid  in  which  a folid  floats, 
produces  a very  fmall  difference  with  refpedt  to  the  part 
of  the  folid  which  is  immerfed  in  the  fluid ; fo  that  it 
needs  not  be  regarded,  unlefs  the  utmoft  precifion  be  re- 
quired ; in  which  cafe  the  adtual  fpecific  gravity  of  the  air, 
as  indicated  by  the  barometer,  muff  be  taken  into  the  com- 
putation ; for  the  gravity  of  the  air  is  continually  varying, 
and  its  actual  quantity  is  (hewn  by  the  barometer,  as  will 
be  explained  hereafter. 

It  follows  likewife,  that  if  two  bodies,  of  different  fpe- 
cific gravities,  balance  each  other  in  a pair  of  feales,  their 
weights  are  not  exactly  equal ; for  if  the  air  were  removed, 
that  body  whofe  fpecific  gravity  is  leafl:  would  prepon- 
derate. 

(3.)  Let  A and  B reprefent  the  bulks  of  the  two  fluids, 
a and  b their  fpecific  gravities,  and  c the  fpecific  gravity  of 
the  compound.  Then  the  weight  of  the  compound  is 
reprefented  by  c x A + B ; the  weight  of  A is  reprefented 
by  A <7,  and  the  weight  of  B is  reprefented  by  B A;  there- 
fore A c -f-  B c ~ A a -f-  BA;  and  B c B b ^ A a —•  Ac; 

that  is,  c — = xA;  confequently  A : B : ; 

— b : a — c . 
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lolids  intermixed  together,  fuch  as  an  alloy  of  two 
different  metals,  &c. 

This  propofition  is,  however,  true  only  when 
the  bulk  of  the  compound  is  equal  to  the  fum 
of  the  bulks  of  the  two  components  previoully  to 
their  being  mixed,  which  feldom  is  the  cafe ; ex- 
perience fhewing  fas  will  be  particularly  mention- 
ed in  the  fequel)  that  when  two  or  more  bodies 
are  mixed  together,  a fort  of  incorporation,  and 
fometimes  an  cxpanfion,  frequently  takes  place, 
which  is  attended  with  a diminution  or  increafe 
of  bulk  j thus,  a pint  of  fpirit  of  wine  mixed  with 
a pint  of  water,  forms  a compound  which  mea- 
fures  lefs  than  two  pints.  And  a cubic  inch  of  tin 
incorporated,  by  means  of  fufion,  with  a cubic 
inch  of  lead,  will  form  a mafs  which  meafures 
more  than  two  cubic  inches. 

When  fuch  increafe  or  decreafe  of  bulk  does  not 
take  place,  then  we  may,  by  the  laft  propofition, 
find  out  the  weights  of  two  ingredients  which 
form  a compound  body,  having  given  the  fpecific 
gravities  of  the  ingredients,  and  of  the  com- 
pound. 
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CHAPTER  III. 

\ 

OF  THE  SPECIFIC  GRAVITIES  OF  BODIESo 


JT  has  been  already  mentioned  that  the  fpecifie 
gravity  of  a body  is  the  proportion  which  its 
weight  bears  to  the  weight  of  another  body  of 
equal  bulk.  Ihus  the  fpecifie  gravity  of  mercury 
is  laid  to  be  to  the  fpecifie  gravity  of  water  as  14 
to  one;  the  meaning  of  which  is,  that  if  a quan- 
tity of  mercury,  which  exa&ly  fills  a certain  veffei, 
and  a quantity  of  water  which  likewife  exactly 
falls  the  fame  veffel,  be  weighed  feparately,  the 
former  will  be  found  to  weigh  14  times  as  much 
as  the  latter;  fo  that  if  the  water  weighs  one 
pound,  or  one  ounce,  &c.  the  mercury  will  be 
found  to  weigh  14  pounds,  or  14  ounces,  &c. — - 
Thus  alfo  the  fpecifie  gravity  of  mercury  is  to  the 
fpecifie  gravity  of  zinc  as  two  to  one  y viz.  if  a 
a cubic  inch,  or  a certain  vefl'el  full,  of  mercury 
weigh  14  pounds,  a cubic  inch,  or  the  fame  veffel 
full,  of  zinc  will  be  found  to  weigh  ~ pounds. 
Or  if  the  former weigh  100  grains,  the  latter  will 
be  found  to  weigh  50  grains ; and  fo  on. 

But  though  bodies  may  be  thus  compared  in- 
difcriminatcly  together,  yet  conveniency  has  ef- 
tablilhed  the  cuftom  of  comparing  all  bodies  with 
water,  the  fpecifie  gravity  of  which  is  reckoned 
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one,  or  unity  ; fo  that,  (peaking  of  the  above-men- 
tioned bodies,  the  fpecific  gravity  of  mercury  is 
laid  to  be  14,  and  that  of  zinc,  to  be  7;  mean- 
ing that  equal  quantities  of  water,  of  mercury,  and 
of  zinc,  weigh  refpedtively  1,  14,  and  7,  be  they 
pounds,  or  ounces,  or  grains,  or  any  other  weights. 
Nor  does  this  mode  of  exprefling  the  fpecific  gra- 
vities alter  the  proportion  between  any  two  or 
more  bodies ; for  infiance,  it  has  been  faid  above 
that  the  fpecific  gravity  of  mercury  is  to  that  of 
zinc  as  two  to  one,  and  by  the  laft  exprefiion  thole 
fpecific  gravities  have  been  ftated  as  14  and  7; 
but  thole  two  numbers  are  to  each  other  exactly 
in  the  ratio  of  two  to  one. 

The  reafons  for  which  water  has  been  generally 
adopted  as  the  ftandard  with  which  all  other 
bodies  are  compared,  are,  ill,  that  by  weighing 
the  fame  body  out  of  water  and  in  water,  the  fpe- 
cific gravity  of  that  body  may,  in  general,  be  more 
eafily  afeertained  than  by  any  other  means ; and 
2dly,  that  water  of  the  fame  purity  and  of  the 
fame  fpecific  gravity,  may  be  eafily  procured  in 
every  country. 

But  the  fpecific  gravity  of  water  is  liable  to  be 
altered  by  two  caufes,  viz.  by  the  admixture  of 
other  fubftances,  and  by  an  alteration  of  tempe- 
raturewater,  for  infiance,  at  ioo°  of  tempera- 
ture, is  lighter  than  water  at  6o°;  and  fiill  lighter 
than  water  at  40°.  Therefore  the  water,  which 
is  to  be  ufed  lor  the  purpofe  of  alcertaining  the 
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Jpecific  gravities  of  bodies,  mud  be  free  from  he- 
terogeneous fubftances,  and  muft  be  ufed  always 
at  the  fame  degree  of  temperature. 

Diftilled  water,  and  rain  water,  are  fufficiently 
pure,  and  equally  ufeful  for  the  above-mentioned 
purpofe,  as  they  have  not  been  found  to  differ  in 
Jpecific  gravity. 

The  mod  natural  way  of  determining  the  fpeci- 
fie  gravity  of  bodies  is  to  weigh  in  a pair  of  fcales, 
or  by  means  of  a fteelyard,  bodies  of  different 
forts,  but  of  precifely  the  fame  dimenfions ; and 
this,  indeed,  is  a very  good  pradtical  method  for 
fluids,  which  may  be  put  fucceffively  into  the 
fame  phial,  Src. ; but  the  difficulty  of  forming 
folids  exactly  of  the  fame  dimenfions  is  fo  very 
great,  that  their  fpecific  gravities  are  generally  de- 
termined by  weighing  each  body  both  out  of  wa- 
ter and  in  water,  in  the  manner  which  will  be  par- 
ticularly defcribed  in  this  chapter;  excepting  l'ome 
powdery  fubftances,  which,  in  this  relpedt,  may 
be  treated  like  fluids. 

It  appears,  therefore,  that  a common  pair  of 
fcales,  or  balance,  is  the  principal  inflrument  which 
is  required  for  determining  the  fpecific  gravities 
of  bodies.  It  only  requires  to  have  a hook  affixed 
under  one  of  the  fcales.  This  balance,  when  in 
ufe,  might  be  held  in  the  operator’s  hand  : but  as 
thofe  experiments  require  a certain  time,  and 
much  accuracy,  therefore  it  is  advifable  to  have 
them  fet  upon  a Hand,  fuch  as  is  reprefented  in 

* fig. 
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fig.  14.  of  Plate  X.  The  whole  apparatus,  then, 
for  determining  fpecific  gravities,  which  goes  un- 
der the  name  of  the  Hvdrojla/ical  Balance  and  its 
apparatus , confitls  of  the  following  parts.  A ba- 
lance, fuch  as  ABCD,  fig.  14.  Plate  X.  which 
Iliould  be  fo  fenfibie  as  to  turn  at  leaf!;  with  the 
20th  part  of  a grain  when  each  fcale  is  loaded  with 
a weight  of  two  or  three  ounces.  An  accurate  fet 
of  weights,  efpecially  of  grains,  fuch  as  weights 
of  10  grains  and  of  100  grains,  befides  the  fingle 
grains ; it  being  much  more  commodious  to  make 
the  computation  entirely  in  grains,  or  at  moft  in 
ounces  and  grains,  than  to  be  encumbered  with 
weights  of  different  denominations.  A glafs  jar 
E,  about  7 or  8 inches  high,  which  is  to  con- 
tain the  diftilled  or  rain-water.  A glafs  ball,  of 
about  an  inch,  or  an  inch  and  a half  in  diameter, 
with  a bit  of  fine  platina  wire,  about  three  inches 
long,  affixed  to  it*.  A imall  glafs  bucket  G,  with 

* This  ball  may  be  either  of  tblid  glafs,  or  of  hollow 
glafs  partly  filled  with  quickfilver,  or  with  fome  other 
heavy  fubftance.  In  the  latter  cafe  it  generally  has  a fhort. 
perforated  Hem,  into  the  perforation  of  which  the  platina 
wire  is  fattened  with  cement.  But  if  it  be  a folid  glafs  ball, 
a hole  of  about  Ith  of  an  inch  in  length  mutt  be  drilled 
ir,  it,  wherein  the  wire  is  to  be  fattened.  For  the  fake  of 
expedition  in  making  the  computation,  it  would  be  proper 
to  make  this  glafs  ball  of  a certain  weight  expreflible  by  a 
round  number;  for  inftance,  of  ioo,  or  500,  cr  1000 
grains. 
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a glafs  handle.  A fmall  phial  or  two,  as  H ; viz. 
of  luch  a Hi  ape  as  to  admit  of  their  being  eafily 
filled,  emptied,  and  cleaned.  And  a thermo- 
meter I. 

This  hydroftatical  balance  and  apparatus  is 
commonly  made  by  the  philofophical  inftrument- 
rnakers  of  a very  compact  form,  fo  as  to  admit  of 
its  being  packed  up  in  a pretty  lmall  box  ; but 
when  in  ufe,  it  muft  be  let  upon  a table,  as  is 
reprefented  in  fig.  14,  where,  it  muft  be  remarked, 
that  the  balance  may  be  moved  a little  way  up  or 
down,  either  by  means  of  the  firing  which  goes 
along  the  Hand,  in  the  common  way,  or  by  fome 
other  mechanical  contrivance  which  needs  not  be 
particularly  deferibed. 

We  fhall  now  proceed  to  flate  the  practical  me- 
thods of  determining  the  fpecific  gravities  of  bo- 
dies of  various  Ipecies;  which  methods  are  nothing 
more  than  practical  applications  of  the  Propofi- 
tions  of  the  preceding  chapter,  as  will  appear  by 
obferving  at  the  end  of  the  Rules,  the  quotation 
of  the  Propofitions  upon  which  thofe  rules  de- 
pend. 

Problem  I.  I’o  afeertain  the  fpecific  gravity  of  a 
pretty  large  folid , which  is  heavy  enough  to  fink  in 
water. 

Rule.  Sufpend  the  folid  by  means  of  as  flender 
a thread  as  may  be  juft  fufficient  to  hold  it,  to  the 
hook  under  the  fcale  C,  fo  as  to  hang  at  the  dis- 
tance of  fix  or  feven  inches  below  that  fcale,  and 
9 by 
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bv  putting  weights  in  the  oppoute  fcale  1),  iincl 
out  its  exad  weight  in  air,  that  is  out  01  the  vvale  r. 
Then  place  the  jar  E,  about  three-quarters  full 
of  rain  or  diftillcd  water,  juft  undei  the  tcalc  C, 
which  is  the  cale  actually  reprelcnted  111  the 
figure  j let  the  lolid  body  be  immeiied  111  the  wa- 
ter, and  either  by  removing  feme  of  the  weignts 
from  the  fcale  D,  or  by  putting  weights  in  the 
fc ale  C,  find  out  its  exad  weight  in  water.  Sub- 
tract the  latter  weight  from  the  former,  and  note 
the  remainder.  Laftly,  divide  the  weight  of  the 
folid  out  of  the  water  by  that  remainder,  and  the 
quotient  will  exprels  its  ipecific  gravity.  (Prop. 
V.)  — See  the  precautions  which  follow  the  ex- 
ample. 

Example.  A piece  of  filver  was  found  to  weigh 
in  air  (that  is,  out  of  the  water)  136  grains,  and 
in  wrater  1 23,73  grains.  The  latter  weight  being 
fubtraded  from  the  former,  there  remained  12,25 
grains.  Laftly,  136  was  divided  by  12,25,  anc* 
the  quotient  11,091  expreffed  the  fpecific  gra- 
vity of  the  piece  of  filver. 

Before  we  proceed  any  farther,  it  is  neceflary  to 
prevent  any  poflible  miftake,  by  the  ftatement  of 
the  following 

General  precautions.  The  water  in  which  the 
folid  is  to  be  weighed,  belldes  its  being  either  dif- 
tilled  or  rain  water,  mull  be  quite  clean. — Its 
temperature,  as  well  as  that  of  the  folid,  mu  ft  be 
as  near  as  poflible  to  62°  of  Fahrenheit’s  thermo- 
meter. 
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meter  j for  which  purpofe  the  ball  of  the  thermo- 
meter muft  be  placed  in  the  water,  and  the  tem- 
perature is  adjufted  by  the  addition  of  hot  or  cold 
water.- — If  the  folid  body  be  foluble  in  water,  or 
it  it  be  porous  enough  to  abforb  any  water,  then 
it  muft  be  varnifhed,  or  fmeared  over  with  fome 
oily  or  greafy  fubftance  ; but  in  that  cafe  fome  al- 
lowance muft  be  made  on  account  of  the  varnifh, 
&c.  — When  the  folid  is  weighed  in  water,  its  up- 
per part  ought  to  be  a little  way  below  the  furface 
of  the  water  j for  inftance,  about  an  inch;  and  it 
muft  by  no  means  be  fuffered  to  touch  the  fides 
or  bottom  of  the  jar. — Care  muft  be  had  that 
no  bubbles  of  air  adhere  to  the  folid  under  water; 
for  they  would  partly  buoy  it  up.  Thefe  may  be 
eafily  removed  by  means  of  a feather.  — The  folid 
muft  be  of  a compa6t  form,  and  free  from  acci- 
dental or  artificial  vacuities,  fo  as  not  to  harbour 
any  air;  for  otherwife  its  fpecific  gravity  cannot 
be  afcertained  by  weighing  in  water,  &c.  Thus  a 
piece  of  filver,  which  is  much  heavier  than  water, 
may  be  formed  into  a hollow  fphere,  which  will  ap- 
pear to  be  much  lighter  than  water  ; for  if  this 
fphere  were  immerfed  in  water,  it  would  difplace 
a quantity  of  water  which  is  equal  not  only  to  the 
filver,  but  alfo  to  the  fpace  which  is  contained  in 
the  fphere*,  — Thefe  precautions  mull  be  attended 

to 


* It  is  for  this  rcafon  that  a fliip  might  be  made  of  iron, 
or  of  copper,  or,  in  fhort,  of  any  fubflancc  whole  fpecific 


Of  the  Specific  Gravities  of  Bodies.  59 

to  in  the  pradical  performance  of  the  preceding 
as  well  as  of  the  following  problems  of  this  chap- 
ter, as  far  as  they  may  be  concerned  in  them. 

Problem  II.  To  afeertain  the  fpecific  gravity 
of  folids , or  compact  bodies,  that  are  fufficiently 
heavy  to  fink  in  water , which  are  not  foluble  in  that 
fluid , but  are  too  finall  to  be  tied  by  means  of  a 
thread . 

Rule.  Sufpend  the  glafs  bucket  G by  the  in- 
terpofition  of  a thread,  to  the  hook  of  the  lcale 
C,  and  find  its  weight  in  air;  then  place  the  fub- 
ftance,  which  is  to  be  tried,  in  it,  and  weigh  it 
again.  The  former  weight  fubtraded  from  the 
latter  leaves  the  weight  of  the  iublfance  in  air. 
This  being  done,  the  fame  operation  muft  be  re- 
peated in  water ; that  is,  let  the  loaded  bucket  be 
weighed  in  water,  then  remove  its  contents,  and 
' weigh  the  bucket  alone  in  water.  Subtrad  the 
latter  weight  from  the  former,  and  the  quotient 
is  the  weight  in  water,  of  the  lubflance  under 
examination.  Having  thus  obtained  the  weights 
of  that  fubflance  in  water  and  out  of  water,  you 
will  then  proceed  according  to  the  preceding 
problem ; viz.  fubtrad  its  weight  in  water  from 
its  weight  in  air,  and  note  the  remainder.  Divide 
its  weight  in  air  by  this  remainder,  and  the  quo- 


gravity  far  exceeds  that  of  water}  and  yet  it  would  float 
as  well  as  a {hip  which  is  made  of  wood,  in  the  ufual  way. 

tient 
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t ient  will  exprefs  its  fpecific  gravity.  (Prop.  V.)  — 
Obferve  the  general  precautions  at  the  end  of 
Problem  I.  p.  57. 

By  this  means  the  fpecific  gravity  of  diamonds 
and  other  fmall  precious  Bones,  as  alfo  of  grains 
of  platina,  of  filings  of  metal,  of  mercury,  5cc. 
may  be  afcertained. 

Example.  The  glafs  bucket  being  fufpended 
from  the  hook  of  the  Icale  C,  was  counterpoifed 
by  weights  in  the  oppofite  fcale  D.  Some  gold- 
dull  was  then  placed  in  it,  and  by  adding  more 
weights  into  the  Icale  D,  its  weight  (viz.  of  the 
gold-dull  alone)  was  found  to  be  460,6  grains. 
The  loaded  bucket  was  then  weighed  in  water, 
and  was  found  to  weigh  736,1  grains  ; and  after 
having  removed  the  gold-dull  from  the  bucket, 
the  latter  by  itfelf  was  found  to  weigh  in  water 
300  grains ; which  being  fubtrafted  from  736,1, 
left  436,1  grains  for  the  weight  of  the  gold  in 
water.  Then  this  weight  of  the  gold  in  water 
(viz.  436,1)  was  fub trailed  from  its  weight  in  air 
(viz.  460,6)  and  the  remainder  was  24,5.  Lallly, 
the  weight  of  the  gold  in  air,  viz.  460,6  was  di- 
vided by  the  remainder  24,3,  and  the  quotient 
18,8  expreffed  the  fpecific  gravity  of  the  gold- 
dud. 

Problem  III.  Eo  af certain  the  fpecific  gravity  of 
a folul  body  lighter  than  an  equal  bulk  of  •water,  viz. 
fuch  as  will  not  fink  in  it. 


Rule . 
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Rule . Take  another  body  of  a compact  form, 
but  much  heavier  than  an  equal  bulk  of  water,  fo 
that  when  this  body  is  connected  with  the  body 
in  quefhon,  they  may  both  fink  in  water.  This 
being  prepared,  alcertain  the  weight  of  the  lighter 
body  in  air,  and  the  weight  of  the  heavier  body 
in  water.  Then  tie,  by  means  of  thread,  botn 
bodies  together,  but  not  fo  clofely  as  to  exclude 
the  water  from,  or  to  harbour  bubbles  of  air,  be- 
tween them;  and  weigh  them  both  in  water. 
Now  fince  the  heavy  body  is  partly  buoyed  up  by 
the  lighter  body,  the  weight  of  both  in  water  will 
be  lei's  than  the  weight  of  the  heavier  body  alone. 
Subtract  the  former  from  the  latter,  and  add  the 
remainder  to  the  weight  of  the  lighter  body  in  air  ; 
for  this  lum  is  the  weight  of  a quantity  of  water 
equal  in  bulk  to  the  lighter  body.  Therefore  the 
weight  of  the  lighter  body  in  air  muff  be  divided 
by  the  lafl-mentioned  fum,  and  the  quotient  will 
exprefs  the  lpecific  gravity  of  the  lighter  body. 
(Prop.  V.  Cor.  j,  and  4)  — Obferve  the  general 
precautions  at  the  end  of  Prob.  1.  p.  57. 

Example.  A piece  of  elm,  being  varnifhed  in 
order  to  prevent  its  abforbing  any  water,  was 
found  to  weigh  in  air  920  grains.  A piece  of 
lead,  which  was  chofen  for  this  purpofe,  was  found 
to  weigh  in  water  911,7  grains.  The  piece  of 
elm  and  the  piece  of  lead  were  tied  together,  and 
being  fufp^ided  from  the  hook  of  the  fcale  C, 

&c. 
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&c.  in  the  ufual  manner,  were  found  to  weigh  in 
water  33 1,7  grains,  viz.  580  grains  lefs  than  the 
lead  alone;  therefore  580  was  added  to  920  (viz. 
to  the  weight  of  the  elm  in  air)  and  made  up  the 
fum  of  1500.  Laftly,  920  was  divided  by  1500, 
and  the  quotient  0,6133  expreffed  the  fpecific 
gravity  of  the  piece  of  elm. 

It  is  almoft  fuperfluous  to  obferve,  that  the  fpe- 
cific gravities  of  bodies  that  are  lighter  than  water, 
are  lefs  than  unity. 

Problem  IV.  To  afeertain  the  fpecific  gravities  of 
fnall  bodies  (fuch  as  f aline  powders , &cf  which  are 
folable  in , or  abforb , water , and  are  not  capable  of 
being  varnijhed. 

Rule.  The  fubftance  in  queftion  muft  be  re- 
duced into  fine  powder,  unlefs  it  be  already  in  that 
fhape.  Take  a clean  glafs  phial,  fuch  as  H,  fig. 
14,  put  it  in  one  of  the  feales  of  the  balance,  and 
counterpoife  it  by  placing  weights  in  the  oppofite 
fcale  ; then  fill  the  phial  with  the  powder  in  quef- 
tion, ramming  it  as  clofe  as  poffible,  and  quite  up 
to  the  top.  This  done,  replace  the  phial  in  the 
fame  fcale  in  which  it  flood  before,  and  by  adding 
more  weights  in  the  oppofite  fcale,  find  out  the 
exa<5t  weight  of  the  powder  alone.  Now  remove 
the  powder  from  the  phial,  fill  the  latter  with  dif- 
tilled  or  rain  water,  and  placing  it  in  the  fcale  as 
before,  afeertain  the  weight  of  the  water  alone. 
By  this  means  you  have  the  weights  of  equal 
quantities  of  the  powder  and  of  water,  which. 


are 
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are  exactly  as  their  fpecific  gravities ; but  the  fpc- 
citic  gravity  of  water  is  not  in  this  cafe  exprefl'ed 
by  unity  ; therefore  fay,  as  the  weight  of  the  wa- 
ter is  to  the  weight  of  the  powder,  fo  is  unity  to 
a fourth  proportional,  which  is  the  fpecific  gravity 
of  the  powder  when  that  of  water  is  reckoned 
unity ; that  is,  divide  the  weight  of  the  powder 
bv  the  weight  of  the  water,  and  the  quotient  will 
exprel's  the  fpecific  gravity  of  the  powder. 

In  certain  cafes  the  faline  fubflances  or  other 
fmall  bodies,  if  the  reducing  them  to  powder  be 
objected  to,  may  be  weighed  in  the  bucket,  ac- 
cording to  Problem  II.  but  inftead  of  water  they 
muff  be  weighed  in  fome  other  fluid,  in  which  they 
are  not  foluble,  and  whofe  fpecific  gravity  is  al- 
ready known  j for  the  fpecific  gravities  thus  found 
may  be  eafily  referred  to  that  of  water. 

Example.  The  phial  H full  of  a certain  fait 
was  found  to  weigh  630  grains  (meaning  the  fait 
alone,  independent  of  the  phial)  and  the  fame  phial 
full  of  rain-water  was  found  to  weigh  430  grains, 
(viz.  the  water  alone)  ; therefore  630  was  divided 
by  450,  and  the  quotient  1,4  exprefl'ed  the  fpe- 
cific gravity  of  the  fait. 

Problem  V.  To  af certain  the  fpecific  gravities  of 
fluids. 

Rule.  This  may  be  done  either  by  the  method 
lafl-mentioned,  which  indeed  is  the  mod  proper, 
it  being  the  moil  accurate,  for  nice  experiments ; 
or  in  the  following  manner  : 


Sufpend 
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Sufpend  the  glafs  ball  F,  fig.  14,  or  a piece  of 
metal,  to  the  hook  of  the  fcale  C,  and  find  fuc- 
cefiively  its  weight  in  air,  its  weight  in  water,  and 
its  weight  in  any  other  fluid  you  wifh  to  try.  Sub- 
trail  its  weight  in  water  from  its  weight  in  air, 
and  the  remainder  is  its  lofs  of  weight  when  weigh- 
ed in  water.  Alfo  lubtracl  its  weight  in  the  other 
fluid  from  its  weight  in  air,  and  the  remainder  is 
its  lofs  of  weight  in  the  other  fluid.  Now  thofe 
two  laft  weights  are  exadtly  as  the  fpecific  gravi- 
ties of  the  two  fluids  refpedtively.  But  the  fpeci- 
fic gravity  of  water  is  not,  in  this  cafe,  exprefled 
by  unity  ; therefore  fay,  as  the  lofs  of  weight  in 
water  is  to  the  lofs  of  weight  in  the  other  fluid, 
fo  is  unity  to  a fourth  proportional ; that  is,  divide 
the  lofs  of  weight  in  the  other  fluid  by  the  lofs  of 
weight  in  water,  and  the  quotient  will  exprefs  the 
fpecific  gravity  of  the  other  fluid. 

For  this  purpofe  a glafs  ball  with  a bit  of  platina 
wire,  are  preferable  to  other  fubftances,  becaule 
amongft  all  the  variety  of  fluids  there  are  fewer 
that  have  any  action  upon  glafs  and  platina  than 
upon  any  other  folid ; vet  they  are  corroded  by 
one  or  two  fluids,  and  therefore  when  thefe  are  to 
be  tried,  the  method  of  problem  IV.  mull  be 
adopted  j.  but  the  phial  mufl  confift  of  fuch  a fub- 
fiance  as  is  not  liable  to  be  corroded  by  the  fluid 
in  queftion;  or  the  glafs  phial  may  be  lined  in 
the  infide  with  a film  of  bees-wax,  which  is  eafily 

done 
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done  by  warming  the  phial ; for  this  film  will 

prevent  its  being  corroded.* 

Example . A glafs  ball  which  weighed  100 
grains  in  air,  was  found  to  weigh  60  grains  in  wa- 
ter, and  70  grains  in  another  fluid  ; fo  that  the 
lots  of  weight  in  water  was  40  grains,  and  the  lofs 
of  weight  in  the  other  fluid  was  30  grains ; there- 
fore 30  was  divided  by  40,  and  the  quotient  0,75 
exp  re  fled  the  fpecific  gravity  of  the  other  fluid. 

The  knowledge  of  the  fpecific  gravities  of  bo- 
dies is  of  the  utmoft  confequence  in  philofophy, 
and  in  other  fciences,  as  alfo  in  the  feveral  arts 
which  depend  on  thole  fciences.  Independent  of 
thofe  bodies  which  are  pretty  uniform,  and  whofe 
fpecific  gravities  are  well  known,  it  frequently 
happens  in  chemiftry,  in  the  practice  of  feveral 
arts,  and  in  fome  departments  of  civil  fociety, 
that  the  fpecific  gravities  of  various  bodies,  efpe- 
cially  of  compounds,  muft  be  actually  afcertained 
on  particular  fpecimens.  The  ftrength  and  acti- 
vity of  divers  chemical  articles  is  accompanied  with 
a proportionate  degree  of  fpecific  gravity ; there- 


* The  fpecific  gravity  of  air,  and  other  elaftic  fluids 
analogous  to  air,  is  afcertained  by  firft  filling  a phial  with 
water  and  weighing  it,  then  filling  the  fame  with  the 
elaftic  fluid  in  queftion,  and  weighing  it  again,  after  the 
manner  of  Problem  IV.;  but  the  phial  which  is  necef- 
fary  for  the  purpofc  of  confining  elaftic  fluids,  as  all'o  the 
mode  of  filling  it,  will  be  defcribed  hereafter. 

vol.  11.  f fare 
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fore  the  knowledge  of  the  hitter  is  ufed  as  an  in- 
dication of  the  former.  The  flrength  of  fpirits  is 
determined  both  in  diftilleries,  and  by  the  officers 
of  the  excife,  from  their  fpecific  gravities.  The 
aflayers  and  the  refiners  of  filver  and  gold  fre- 
quently make  ufe  of  the  lame  means  for  determin- 
ing the  quality  of  their  articles,  and  fo  forth. 

This  extenfive  ufe  of  the  knowledge  of  fpecific 
gravities  has  produced  a variety  of  contrivances, 
under  the  names  of  Ejfay  injirument , Hydrometer , 
Areometer , Gravimeter , and  B ef e-liqueur , for  the  pur- 
pofe  of  afeertaining  the  fpecific  gravities  of  different 
bodies  in  an  expeditious  manner. 

The  conflruflion  of  all  thofe  inftruments  de- 
pends upon  the  principle  of  the  5th  Propofition 
of  the  preceding  chapter,  viz.  that  if  a body  whole 
fpecific  gravity  is  lefs  than  that  of  certain  fluids, 
be  caufed  to  float  fucceffively  upon  thofe  fluids, 
it  will  fink  deeper  into  the  lighter  than  into  the 
heavier  fluid.  Or  that  a greater  addition  of 
weight  is  required  to  keep  the  fame  part  of  the 
floating  body  below  the  furface  of  a heavier,  than 
of  a lighter,  fluid. 

The  fimplefl  hydrometer  is  reprefented  in  fig.  13. 
of  Plate  X.  It  confifts  of  a graduated  rod  or  flem, 
CA,  about  4 inches  long,  which  is  fixed  to  the 
bulb  A.  From  the  lowed:  part  of  A another  flem 
proceeds  a fliort  way,  and  terminates  in  a fmaller 
bulb  B.  The  bulb  B is  partly  or  entirely  filled 
with  fome  metallic  lubftance,  generally  quickfilver, 

which 
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which  anfwers  two  purpofes ; it  renders  the  inftru- 
ment  juft  heavy  enough  to  fink  as  far  as  fome  part  of 
the  ftern  CA  below  the  furface  of  the  fluid  which 
is  to  be  tried  by  it ; and  it  ferves  to  keep  the  in- 
drument upright  in  the  fluid ; hence  it  is  placed, 
as  ballad,  in  the  lowed  part  of  the  indrument. 

Now  when  the  lpecific  gravity  of  a fluid  is  to 
be  determined,  the  fluid  is  put  into  a glafs  jar, 
or  other  convenient  veflel,  and  the  hydrometer  is 
fet  to  float  in  it ; then  the  fpecific  gravity  of  the 
fluid  is  indicated  by  the  number  of  the  divifions 
of  the  dem  AC  which  remain  above  the  furface 
of  the  fluid ; or  (which  amounts  to  the  fame 
thing)  by  thofe  which  remain  below  that  furface  ; 
thofe  divifions  being  made,  by  trial  and  adjud- 
ment,  to  reprefent  parts  of  the  whole  bulk  of  the 
indrument.  Suppofe,  for  indance,  that  the  bulk 
of  the  whole  indrument  be  equal  to  1000  cubic 
tenths  of  an  inch,  and  that  each  of  the  divifions 
of  the  dem  reprefents  one  of  thofe  parts.  Then 
if  this  indrument  be  placed  fird  in  one  fluid  and 
then  in  another,  and  if  it  be  found  to  fink  as  far 
as  the  40th  divifion  (counting  from  the  top)  in 
one  fluid,  and  as  far  as  the  30th  in  the  other  fluid, 
it  is  evident  that  of  the  1000  parts  of  the  bulk, 
960  have  been  funk  in  the  former  fluid,  and  970 
in  the  latter ; therefore,  fince  the  fpecific  gravities 
of  thofe  fluids  are  inverfely  as  the  parts  immerfed, 
the  fpecific  gravity  of  the  former  is  to  that  of  the 
latter  as  970  is  to  960.  It  water  be  one  of  the 

f 2 fluids. 
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fluids,  for  inftance  the  former;  then  fay,  as  97 o 
is  to  960,  fo  is  one  to  a fourth  proportional,  which 
is  the  fpecific  gravity  of  the  other  fluid  when  that 
of  water  is  called  unity.  But  the  divifions  on  mod 
of  thofe  inflruments  are  numbered  fo  as  to  indi- 
cate immediately  the  fpecific  gravity  of  a fluid  in 
comparifon  with  that  of  water,  which  is  reckoned 
one. 

Hydrometers  of  the  above-mentioned  fort  have 
been  made  of  glafs  for  fuch  fluids  as  corrode  me- 
tals ; and  of  metal,  which  is  more  durable,  for 
fuch  fluids  as  have  no  aftion  upon  it.  But  its  pe- 
culiar imperfeft ions  are  two  in  number;  1 ft.  It  can 
ferve  only  for  thofe  fluids  which  differ  very  little 
in  fpecific  gravity  ; for  if  the  divifions  of  the  Item 
reprefent  fmall  portions  of  the  bulk  of  the  inftru- 
ment,  then  the  whole  length  of  the  ftcm  will  like- 
wife  reprefent  no  great  part  of  the  whole  bulk ; 
hence  very  little  difference  of  fpecific  gravity  can 
be  indicated  by  all  the  divifions  which  are  upon 
it ; and  if  the  divifions  reprefent  confiderably 
large  portions  of  the  inftrument,  hen  the  inftru- 
ment will  not  indicate  fmall  differences  of  fpecific 
gravity,  idly.  The  inequalities  of  1 ic  Hem,  and 
the  finall  quantity  of  fluid,  which  :n  the  common 
manner  of  uling  the  inftrument  can  hardly  be 
prevented  from  adhering  to  that  part  of  the  ftem 
which  is  juft  above  the  fluid,  render  it  inaccurate 
in  a greater  or  lefs  degree. 

The 
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The- removal  of  the  firft  of  thofe  iraperfedions 
has  been  attempted  either  by  adapting  different 
ftems  to  the  lame  inftrument  j io  that  a heavier 
or  a lighter  ftem  might  be  put  on,  according  to 
the  nature  of  the  fluid  under  examination  j or  by 
affixing:  certain  weights  to  the  inftrument,  and  al- 
termg  the  value  of  the  divihons  accordingly. 

The  fecond  imperfedion  has  been  removed  by 
removing:  the  divifions  from  the  ftem,  and  indeed 
by  this  means  the  firft  imperfedion  is  in  great 
meafure  removed  ; viz.  the  ftem  contains  one  mark, 
about  its  middle,  and  the  inftrument  is  caufed  to 
fink  always  to  that  mark  in  different  fluids,  by  the 
addition  of  different  weights.  Then  the  fpecifio 
gravities  are  indicated  by  thofe  weights. 

The  weights  in  fome  hydrometers  are  fcrewed 
to,  or  Amply  laid  in  a cup  fit  to  receive  them  at 
the  bottom  of  the  inftrument.  In  others  the 
weights  are  placed  in  a cup  which  is  fixed  on  the 
top  of  the  ftem,  and  which  of  courfe  remains  out 
of  the  fluid.  But  as  the  laft  method  is  apt  to  ren- 
der the  inftrument  top- heavy ; therefore  fome  of 
them  have  been  conftruded  with  two  cups,  viz. 
one  at  top  and  another  at  their  lower  part  j and 
proper  weights  are  to  be  placed  in  both,  viz-,  the 
coarleft  or  iargeft  in  the  lower,  and  the  minuteft  in 
the  upper  cup. 

Such  inftruments  have  alfo  been  ufed  for  deter- 
mining the  fpecific  gravities  of  fmall  folids.  In 
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this  cafe  the  folid  is  placed  in  the  lower  cup,  and 
Suitable  weights  are  put  into  the  upper  cup. 

Another  inftrument  has  alfo  been  ufed  for  expe- 
ditioufly  determining  the  fpecific  gravities  of  fluids. 
It  confifts  of  a fcries  of  glafs  bubbles,  increafing 
and  decreafing  in  fpecific  gravity  from  the 
ftandard  fluid,  in  a known  ratio.  When  a fluid  is 
to  be  tried,  thofe  balls,  which  are  all  numbered, 
muff  be  placed  lucceffively  in  the  fluid,  and  it  will 
be  found  that  fome  of  them  will  fink  to  the  bottom 
of  the  veffel,  whilft  others  will  remain  on  the  furface 
of  the  fluid;  but  that  bubble  which  is  precifely  of 
the  fame  fpecific  gravity  with  the  fluid,  will  remain 
in  any  part  of  it,  without  fhewing  any  tendency 
either  to  afcend  or  to  defcend. 

All  thofe  inflruments  muft  be  reckoned  inferior 
to  the  hydroflatical  balance  and  apparatus,  and  that 
on  various  accounts,  which  will  ealily  occur  to  any 
reflecting  mind.  Expedition  of  operation,  and 
portability,  are  the  only  circumftances  which  have 
recommended  them.  But  the  ufe  of  the  balance 
is  by  no  means  long  and  intricate > and  it  is  un- 
queflionably  the  leaft  equivocal.  With  refpedt  to 
portability,  it  muft  be  obferved  that  no  Angle  hy- 
drometer, even  of  the  beft  fort  known,  can  be  ufed 
for  afcertaining  the  fpecific  gravities  of  all  forts  of 
bodies ; and  if  many  of  them  muft;  be  had  in  rea- 
dincfs,  then  the  bulk  of  them  all  will  more  than 
equal  that  of  a tolerably  ufeful  balance  and  appa- 
ratus. Therefore  we  may  conclude  with  affirming, 

that 
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that  the  hydro  flat  ical  balance  and  apparatus  is 
upon  the  whole  the  moft  accurate,  the  moll  dura- 
ble, and  the  moft  portable  apparatus  for  the  purpofe 
of  afcertaining  lpecific  gravities  in  general;  and 
that  the  ufe  of  hydrometers  may  be  recommended 
to  fuch  perfons  only  as  are  obliged  to  try  a great 
variety  of  fluids  which  do  not  vary  much  in  gra- 
vity ; viz.  to  diftillers,  to  officers  of  the  excife,  &c. 

Thus  far  I have  endeavoured  to  give  a thort  but 
comprehenfive  account  of  the  inftruments,  which, 
beftdes  the  balance,  have  been  contrived  for  the 
purpofe  of  afcertaining  fpecific  gravities.  A par- 
ticular defcription  of  them  all  incompatible  with 
the  nature  and  limits  of  this  work.  But  if  the  rea- 
der be  defirous  of  examining  the  particular  con- 
ftru&ions  and  ufes  of  fuch  inftruments,  he  may 
confult  the  books  which  are  mentioned  in  the 
note*. 

In  determining  fpecific  gravities  of  bodies,  diffe- 
rent experimenters  have  ufed  water  of  various,  and 
fomet  imes  of  unknown  temperatures ; generally  how- 


* Boyle’s  Works,  quarto  edition  of  1772,  vol.  IV.  p. 
204.— Phil.  Tranfactions,  vol.  36,  vol.  for  1793,  p-  164. 
— Memoirs  of  the  Manchefter  Society,  vol.  1. — Ramfden’s 
Account  of  Experiments  to  determine  the  Spec.  Grav.  of 
Fluids;  London,  1792. — Annales  de  Chimie,  vol.  21.— 
Baume’s  Elem.  de  Pharmacie. — Nicholfon’s  Journal  of 
Nat.  Phil.  No.  I.  III. — I)e  Prony’s  Architecture  Hydrau- 
lique,  from  § 614  to  § 626. 
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ever,  between  the  50th  and  65th  degree  of  Fahren- 
heit’s thermometer.  But  the  befl  tables  of  fpecific 
gravities  have  been  formed  at  the  temperature  either 
of  about  550  or  6o°. 

A confiderable  difference  does  frequently  appear 
in  thofe  tables  between  the  flatements  of  the  fpeci- 
fic gravities  of  the  fame  bodies.  This  difference 
fometimes  affeds  even  the  firft  decimal  figure;  in 
one  table,  for  inflance,  we  find  that  a certain  body  is 
2,135,  and  in  another  table  that  it  is  2,245.  ^ 

evident  that  this  difference  cannot  be  attributed  to 
the  different  fpecific  gravities  of  water  at  thofe  tem- 
peratures; for  that  difference  will  not  affed  even 
the  third  decimal  figure  ; but  it  mufl  be  attributed 
to  other  caufes,  the  principal  of  which  are  the  im- 
perfedion  of  the  inflruments  with  which  the  bodies 
are  weighed,  and  the  various  qualities  of  the  bodies 
themfelves,  which  are  occafioned  by  innumerable 
and  often  apparently  trifling  circumflances.  Hence 
it  follows  that  in  forming  a table  of  fpecific  gravi- 
ties the  greatefl  care  fhould  be  had  to  attain  the 
utmoft  degree  of  accuracy ; but  in  the  ufe  of  fuch 
a table,  fome  latitude  mufl  be  allowed  to  the  poffi- 
ble  error  in  the  flatement  of  the  fpecific  gravities,  in 
proportion  as  the  conflitutions  of  the  bodies  are 
more  or  lefs  variable. 

The  following  table  has  been  formed  by  com- 
paring the  befl  tables  of  fpecific  gravities  now  ex- 
tant ; by  confulting  the  works  of  the  befl  authors 
who  have  treated  of  particular  fubflances ; and  by 
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repeating  fcveral  of  their  experiments.  Bat  after 
all,  it  muft  be  acknowledged,  that  the  difficulty  of 
reconciling;  the  different  difcordant  ftatements,  and 
of  obtaining  genuine  fpecimens  for  aftual  experi- 
ments, is  fo  very  great,  that  the  utmoft  diligence 
will  not  be  fufficient  to  obtain  certainty  and  pre- 
cifion*.  The  reader  will  find  the  fubftances  ar- 
ranged in  the  following  manner.  The  metallic 
fubftances  occupy  the  firft  place;  thefe  are  followed 
by  the  earths  and  ftones ; then  come  the  inflam- 
mable, the  vegetable,  the  animal,  and  laftly  the 
fluid  fubflances. — When  a fubftance  is  ftated  with 
two  fpecific  gravities,  the  meaning  is  that  the  fpe- 
cific  gravity  of  that  fubftance  is  various,  viz.  fome 


* If  the  reader  be  defirous  of  examining  this  fubjedt  in  a 
more  particular  manner,  he  may  confult  Dr.  Davis’s  ex- 
cellent Paper  on  Specific  Gravities,  in  the  Phil.  Tranf. 
vol.XLV.  p.416;  or  in  the  Abridg.  vol.  X.  p.  206.  This 
paper  contains  all  that  which  had  been  done  previous  to  the 
year  1 747,  relative  to  the  fubjedt. — M.  Briffon’s  Tables  of 
Specific  Gravities. — M.  de  Prony’s  Archit.  Hydr. — Mr. 
Gilpin’s  excellent  Tables  of  the  weights,  See.  of  mixtures  of 
fpiritand  water  in  different  proportions  in  the  Phil.  Tranf.  for 
the  year  1794,  Page  275* — Kirwan’s  Mineralogy,  fecond 
edit. — I do  not  refer  the  reader  to  a vaft  number  of  other 
tables,  which  are  either  lefs  corredt,  or  copied  from  the 
above-nentioned  works.  With  refpedt  to  the  gravity  of 
air  under  different  degrees  of  preffure,  as  alfo  of  heat,  See. 
he  may  perufe  a mod  valuable  paper  of  Col.  Roy,  in  the 
Phil.  Tranf.  vol.  LXVil. 
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fpecimens  of  it  are  heavier  than  others,  but  between 
the  annexed  limits.  When  that  variation  is  not 
very  great,  then  the  mean  fpecific  gravity  alone  is 
expreffed.  In  fele&ing  the  articles  for  the  following 
table,  I have  reje&ed  moft  of  thofe  which  occur 
lefs  frequently,  or  vvhofe  fpecific  gravity  is  too 
fluctuating;  and  for  a fimilar  reafon  the  expreifions 
of  the  fpecific  gravities  have  been  extended  to  a 
greater  number  of  decimals  with  certain  fubftance* 
than  with  others. 


TABLE  of  the  Specific  Gravities  of  different 
Subftances  at  the  Temperature  of  6o°  Fahr. 
Therm. ; unlefs  fome  other  Temperature  be  ex~ 
prefsly  mentioned. 


Spec.  Grav. 

f in  grains,  as  it  comes  from  the  C 1 5,600 
! mine  - - [ 1 7>20O 

I 

ingrains,  purified  by  boiling  in  f 17,500 

. nitrous  acid  - - - - 1 18, coo 

Flatinat 

j purified  and  forged  - - - - 20,336 

y 

j the  fame  formed  into  a plate  by 
| being  comprefl’ed  through  the 
' rollers  of  a flatting-mill  * - 22,069 

Gold 
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Spec.  Grav. 

'pure,  or  of  24  carats  fine,*  fufed,  but 

not  hammered  - - - - - 19,2  58 

the  fame  hammered  - - - - 1 9,362 

of  the  Englifh  ftandard,  being  22 
carats  fine,  fufed,  but  not  ham- 
mered -------  - 18,888 

of  the  Englifh  guinea  - - - - 17,629 


of  the  ftandard  of  the  French  coin  in 
i the  year  1780,  being  21  ~ carats 

fine  i fufed  only  -----  1 7,402 

the  fame  coined  ------  17,647 

of  the  French  ftandard  for  trinkets 
in  the  year  1780  being  20  carats 
fine,  fimply  fufed  - - - - 15,709 

the  fame  hammered  - - - - 15,774 

of  the  Spanifh  coin  in  the  year  1780  17,655 
of  the  Portugal  coin  in  the  year 
^ 1780  - --  --  --  - 17,966 


* The  finenefs  of  gold,  or  the  proportion  of  alloy  (that 
is,  of  other  metal)  it  contains,  is  reckoned  by  imaginary 
weights,  called  carats.  The  whole  mafs  is  conceived  to 
be  divided  into  24  equal  parts,  viz.  24  carats,  and  the  pu- 
rity of  the  fpecimen  is  exprefled  by  the  number  of  caiats 
of  pure  gold  it  contains.  Thus  gold  of  18  carats  fine, 
means  a compound  of  ths  of  pure  gold,  and  y6?  ths  of 
fome  other  metal ; — gold  of  22  carats  fine,  contains 
\\ ths  of  pure  gold  and  T.ths  of  alloy;  and  pure  gold  i$ 
called  gold  of  24  carats  fine. 
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Mercury,  or 
Quickfilver* 


’at  320  of  heat 
■ at  6o®  of  heat 
, at  212°  of  heat 


Spec.  Grav. 

- I3>6i9 

- i3>58° 

- *3>375 


r 


■ 10,474 

- 10,511 


fine,  fimply  fufed  - - • 

the  fame  hammered  - - 

fterling,  or  ftandard,  containing 
Silver  / 1 1 oz.  2 dwt.  of  fine  ffiver  in 

the  pound  troy;  fimply  fufed  10,200 

of  the  ftandard  of  the  French  coin 

in  the  year  1780,  fimply  fufed  10,047 

„the  fame  coined  - - - - - 10,408 


Copper 


fimply  fufed-j- 
the  lame  hammered 


7,788 

8,87s 


Brafs,  being  a compound  metal,  varies 
between  ------- 


{ 


7,600 

8,800 


• The  fpecific  gravity  of  mercury  varies  a little  with 
various  fpecimens  ; but  the  proportion  at  different  degrees 
of  heat  is  nearly  the  fame;  the  bulk  of  mercury  increafing 
by  the  quantity  0,000102  for  every  degree  of  heat;  its 
bulk  at  32°  being  called  one  or  unity, 

t Such  is  the  ufual  fpecific  gravity  of  copper,  reckoned 
pure;  but  it  is  frequently  found  of  fuperior  gravity.  Berg- 
man found  the  fpecific  gravity  of  Swedifin  copper  to  be 
9.3243  ; but  this  may  poflibly  be  a miftake  ; for  he  likewife 
fets  the  fpecific  gravity  of  iron  at  8,3678,  which  is  con- 
fiderabJy  higher  than  the  beft  ftatements. 


Iron 
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r. 


Iron 


fufed,  but  not  hammered 


J 7' 

t h 


200 

600 


f 


1 

\ 


forged,  in  the  form  of  bars  - - - 7 >7°^ 

fteel  foft  - - - - 7,833 
fteel  hammered  -•  - 7,840 

fteel  hardened  in  water'*  7,816 

t.. fteel  hammered,  and 

then  hardened  in 
water  - 7,8 18 


in  the  ftate  of  ( 


Tin 


^the  purcft  from  Cornwall, 
fufed'}'  - - - - 

the  fame  hammered  - - 

of  Malacca,  Amply  fufed 

the  fame  hammered  - - 


7’ 1 7° 
7,291 

7>299 

7,296 

7,306 


Lead,  whether  hammered  or  not 
Zinc,  Amply  fufed  - - - - 


1 L445 
ll>35 2 

7,19° 


* The  expanfion  of  fteel  in  hardening,  beftdes  its  being 
indicated  by  the  decreafe  of  fpecific  gravity,  is  alfo  de- 
cifively  fhewn  by  the  following  experiment  of  Mr.  Robert 
Pennington.  — A piece  of  fteel  which  when  foft  mea- 
fured  in  length  2,769  inches,  after  being  hardened  by 
plunging  it  red-hot  in  cold  water,  was  found  to  mealure 
2,7785 ; and  after  having  been  let  down  to  a blue  temper, 
it  meafured  2,768  inches. 

f Gellert  afterts  that  the  fpeciAc  gravity  of  the  tin  of 
Gallicia  in  Spain  is  7,063. 
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Spec.  Grar 


Antimony,  in  a metallic  (late,  (imply  fufed 


i 


6,624 

6,860 


Bifmuth,  in  a metallic  (late,  limply  fufed 

Cobalt,  in  a metallic  (late,  fimply  fufed 
Smalt,  or  blue  glafs  of  cobalt  - - - 


9’756 

9,822 

7*645 
7 >8 1 1 

2,440 


Nickel,  of  the  pureft  fort  - - - - 2 7*co° 

r l 9, coo 

Sulphurated  nickel,  or  the  mineral  called 

kupfer  nickel  by  the  Germans  - - - 6,620 

Manganefe,  in  a metallic  (late  - - - - 6,990 

Arfenic,  fufed*  - - - * - - - - 8,310 

Uranite  in  a metallic  (late  -----  6,440 


of  a grey  colour  - - 


Jungften 


of  a brown  colour 
in  a metallic  (late  -f 


\ 5,800 

[ 6,028 

- 5*57° 

- 17,600 


Molybdena  in  a metallic  (late,  when  fatu- 
rated  with  water  - - - - - 

Sylvanite,  or  Tellurite,  in  a metallic  (late, 
twice  fufed  - --  --  --  - 

Titanite  - --  --  --  -- 


7,500 

6*343 

4,180 


* This  fp.  gr.  has  been  dated  on  the  authority  of  Muf- 
chenbroek  and  Bergman  ; but  Briflbn  dates  it  at  5,7633. 

f This  fpecific  gravity  reds  upon  the  authority  of 
Elhuyart.  It  may  poflibly  be  a midalte.  See  Kirwan's 
Mineralogy,  fecojid  edit.  vol.  2,  p.  30S. 
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Spi' 


Manachanite 
Rock  cryft.4C°“' 


l role  coloured  - 


Quartz 


-I 


Amethyft  - 
Emerald 


Berryll,  or  Aigue  Marine  ^ 

Prafium  ----------- 

t,  . f oriental  - --  --  --  - 

Rub>'  i Brazilian 


Topaz 


'oriental 


Brazilian  - - _ . 

.from  Saxony 

e i • r oriental  - - - 

Sapphire  ] 

(.Brazilian  - - - 

Hyacinth  - - - _ _ . 

Jargon  or  Zircon  - - - - 

[oriental,  carbuncle 

common  - - _ . 

volcanic  - 

Chryfolite 

Icelandic  agrafe  _ _ . _ 

Rubellite  or  red  fhorl  of  Siberia 
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4>427 
2,650 
2,670 

2,640 
2,670 

2,655 

2’775 

2,650 
2,722 

2,580 
4,283 
3=53  5 

4,oi  r 

3=536 
35^4 

3=99 1 
3 A 3° 

3.687 
4,416 

4,000 
4,188 

3,800 
2,468 

3343 
4,410 

~ 2=343 
- 3,100 
Shorl 


I 
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Spec.  Grav, 

Shorl  - ------  J 2’92° 

1 3>212 

Shorlite  - ----------  3,530 

Tourmalin  ------  - 3>°5° 

l 3^55 

ZEdelite,  or  Siliceous  Zeolite  - - - - 2,515 

Lapis  lazuli  - --  - - --  - 3 2,760 

l 2,945 

Chryfoprafium  - - --  --  --  - 2,489 


0 

T) 

1 

1 

1 

8 

i 

t 

1 

1 

1 

-1 

1,700 
2,1 18 

Hyalite  or  Lava  Glafs  - - - - 

- 

2,1 10 

Calcedony  -------- 

-f 

2,600 

2,665 

Cornelian  - --  --  --  - 

-I 

2>597 

2,630 

Cat’s  Eye  - --  --  --  - 

-I 

2,560 

2,660 

Flint  - --  --  --  -- 

I 

2,580 

2,630 

Hornftone  - --  --  --  - 

-1 

2*53° 

2*653 

Jafper  - --  --  --  -- 

-i 

2,500 

2,820 

Egyptian  pebble  ------ 

2,564 

Sinople  --------- 

2,691 

Heliotropimn  ------- 

■ 1 

2,620 

2,700 

WoodftonQ 
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Spec.  Gra?. 

Woodftone  ------- 

-I 

2,045 

2,675 

-f 

2,437 

2,600 

Labradore  (lone  ------ 

-{ 

2,670 

2,692 

Agates  - 

-i 

2,5'So 
2 ,b66 

Strontian  earth  ------ 

■{ 

3,4CO 

3>644 

Corundum  ftone,  or  adamantine  fpar 

■i 

3,876 
4, 166 

Granites  - --  --  --  - 

-l 

2,538 

2,956 

Chalk  - - 

-i 

2,3T5 

2,657 

Arenaceous  limeftone  ----- 

2,742 

Compad  limeftone  ----- 

-{ 

1,386 

2,720 

Foliated  limeftone  ----- 

-1 

2,710 

2,837 

Common  fpar  ------- 

■{ 

2,693 

2,778 

Marbles  - --  --  --  - 

/ 

2,700 

Gypfum  - --  --  --  - 

-{ 

2,167 

2,3” 

Aerated  barytes  ------ 

•{ 

4>3P° 

4,338 
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' Spec.  Crav. 


Barofelenite  - - - - - 
Lapis  hepaticus  - - - - 
Talk,  common,  or  Venetian  - 


Indurated 


fteatites 


f before  it  has  abforbed 
any  water  - - - 

after  having  imbibed 
water  - - - - 


Bafalt  from  the  Giant’s  Caufeway  - - - 

Pumice-ftone  --------- 

Oriental  pearls  ------- 


Diamond/ 


’’oriental  colourlefs 
oriental  rofe-coloured 
oriental  orange-coloured 
\oriental  green -coloured 
oriental  blue-coloured 
Brazilian  - - - - 


cohefive  ■ 

Afphaltum  ( 

jcompad 


Mineral  tallow  - - - - - 

Native  mineral  carbon,  or  pit-coal 


Plumbago 


{ 

{ 


-l 

-l 


4,400 

4,865 

2,666 

2,700 

2,800 

2,583 


2,632 

2,864 

0,914 

2,683 

3>52 1 
3>53l 
3,55° 
3»5*3 
3>525 
3’  444 

1,450 

2,060 

1,070 

1,165 

0,770 
1 ,400 

t»55° 

1,937 

2,089 


native 

fufed 


2,033 

i,99° 

Amber 
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Spec.  Grav. 


Amber 


/ 


Glafsi 


white  flint  - - - - 

crown  ------ 

common  plate  - - - 

yellow  plate  - - - - 

white,  or  cryftal,  of  France 
St.  Gobin’s  - - - - 


-■{ 

- about 

- about 

- about 


f China-  - 
Porcelain  < Seves  - - 

(from  Saxony 


tranfparent  - - - 

of  Madagafcar  and  China 


1,078 

1,080 


3>300 

2,520 

2,760 
2,520 
2,892 
2,48  8 

2,384 

2,145 

2>4  93 
1,045 
1,061 


Ambergris 


0,780 

0,926 


Common  rofin  - --  --  - --1,072 

Sandarac  - --  --  --  - - - 1,092 

Maftic 1,074 

Storax  - --  -- 1,109 

Elemi  - --  --  --  --  --  1,018 

Labdanum  ---------1,186 

Refin  or  gum  of  guaiac  ------  1,228 

Refin  of  jalap  - --  --  --  -1,218 

Dragon’s  blood  - --  --  --  - 1,204 

Gum  lac---------  - 1,139 

Elaftic  gum,  or  Caoutchouc , commonly  ) 
called  India  rubber  - - - - - j 0,933 

.'Camphor  - 0,988 

■ Gum  ammoniac  - --  --  --  - 1,207 

Myrrh ,,360 

g 2 Gamboge 
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Spec.  Crar, 

Gamboge  - - - - - - - - ~ ~ 

Scammony  -------  about  1,235 

Aha  feet  id  a - !,327 

Sarcocolla  - --  --  --  --  - 1,268 

Gum  arabic  - >45  4 

Gum  tragacanth  ------  - T>3  6 

Infpiffated  juice  of  liquorice  - - - - - 1,722 

Opium  - --  --  --  --  - 1,336 

Indigo  ----------  - 0,769 

Arnotto  - --  --  --  --  - 0,595 

Yellow,  or  bees,  wax  - - - - - - - °>965 

White  wax  - --  --  --  --  0,968 

Dry  ivory  ----------1,825 

Spermaceti  - --  --  --  --  0,943 

Honey  1 ,45° 

. I 0,923 

Fat  of  beef,  veal,  mutton,  &c.  - - 0.948 

Heart  of  oak,  60  years  old  -----  1,17° 

Cork  - - - - °>-4° 

Trunk  of  elm  - --  --  --  - 0,671 

Trunk  of  afh  - --  --  --  --  0,845 

Beech  wood  - --  --  --  --  0,85 2 

Alder  wood  - --  --  --  --  0,800 

Maple  wood  - - °>7  5 5 

Walnut  wood  - - --  --  --  - 0,671 

Willow  - --  --  --  --  - 0,585 

_ , J °>4  98 

Fir  wood  - - - 0,550 

Poplar  wood  - - - ------  0,383 

Whij,c  Spanifh  poplar  wood  - - - - °>529 

Apple 
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Spec.  Gravo 

Apple  tree  - °?^1 

Quince  tree  - °’7  93 

Medlar  tree  °’944 

Plumb  tree  °’7°5 

Olive  tree  - °’927 

Cherry  tree  - °>7I5 

Filbert  tree  - - °’6o° 

French  boxwood  0,912 

Dutch  box  wood  - - - - - - 1 s3 2 ^ 

Dutch  yew  tree  - --  --  --  - 0,788 

Spanifh  yew  tree  - --  --  --  - 0,807 

Spa ni tli  cyprefs  wood  -------  0,644 

American  cedar  tree  -------  0,560 

Pomegranate  tree  -------  - 1,354 

Spanifh  mulberry  tree  - - - - - -0,897 

Lignum  vitae  - --  --  --  --  i,333 

Orange  tree  - --  --  --  --  0,705 

Red  Brazil  wood  - --  --  --1 ,03 1 

Logwood  - --  --  --  --  - 0,913 

Safiafras  - --  --  --  --  - 0,48  2 

Peruvian  bark  - --  --  --  - 0,784 


G 3 


Diffcilled 
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Diftilled  Water,  or  Rain  Water,  at  the  following 
Degrees  of  Temperature,  Fahren.  Therm. 


Heat.  1 

Spec.  Grav.  j 

Heat. 

Spec.  Grav. 

30 

1,00074 

58 

!,oooi  6 

31 

1,00078 

59 

1,00008 

32 

1,00082  I 

60 

1 ,00000 

33 

1,00085 

61 

o,9999l 

34 

1,00088 

62 

0,99931 

35 

1,00090 

63 

°>9997 1 

36 

1,00092 

64 

0,99961 

37 

1,00093 

65 

0,99950 

38 

1,00094 

66 

°.99939 

39 

1,00094. 

67 

0,99928 

40 

1,00094 

68 

°,999I7 

41 

1,00093 

69 

0,99906 

42 

1,00092 

70 

0,99894 

43 

1,00090 

7i 

0,99882 

44 

1,00088 

72 

0,99869 

45 

1,00086 

73 

0,99856 

46 

1,00083 

74 

0,99843 

47 

T, 00080 

75 

0,99830 

48 

1,00076 

76 

0,998  16 

49 

1,00072 

77 

0,99802 

5° 

1,00068 

78 

0,99788 

5i 

1,00063 

79 

0.99774 

52 

1,00057 

80 

0.99759 

53 

1,00051 

35 

0,9968 1 

54 

1,00045 

90 

0,99598 

55 

1,00038 

95 

0,99502 

56 

I ,0003  I 

100 

0,99402 

57 

1,00024 

* 

* Phil.  Tranf.  vol.  for  179 2;  Table  II.  p.  4281  and 
vol.  for  1794,  p.  382. 


Sea 
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Spec.  Gray. 


Sea  water*  --------- 

Water  of  the  Dead  Sea  - - - - 

Naphtha  - - ------- 

Petrol  - --  --  --  --  - 

Sulphuric,  or  vitriolic,  acid  - - - - 

Nitric  acid  --------- 

v Muriatic  acid  - --  --  --  - 

R' d acetous  acid  ------- 

White  acetous  acid  ------ 

Diftilled  acetous  acid  ------ 

Acetic  acid  --------- 

Solution  of  cauftic  ammoniac,  or  fluid  vola- 
tile alkali  - --  --  --  -- 

Spirit,  or  volatile  oil,  of  turpentine  - - 

Liquid  turpentine  ------- 

Volatile  oil  of  lavender  - - - - - 

Volatile  oil  of  cloves  - ----- 

Volatile  oil  of  cinnamon  - - - - - 

Oil  of  olives  - --  --  --  -- 

Oil  of  fweet  almonds  ------ 

Lintleed  oil  - --  --  --  - - 

Oil  of  poppy-feed  ------- 

Whale  oil  - --  --  --  -- 

> 

Woman’s  milk  - --  --  --  - 

Mare’s  milk  --------- 

Als’s  milk  - --  --  --  -- 


1,026 
1,240 
0,847 
0,878 
1 >841 
1,272 
1,194 
1,025 
1,014 
1,010 
1,063 

0,897 

0,870 

0,991 

0,894 

1,036 

1,044 

0,915 

0,917 

0,940 

0,929 

0,923 

1,020 

1.035 

1.036 


* Is  (aid  to  be  heavier  in  the  torrid  zone,  and  far  from 
the  land. 


G 4 


Goat’s 
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Spec.  Graf. 


Goat’s  milk  - --  --  --  --  1,034 

Ewe’s  milk  - --  --  --  --  1,041 

Cow’s  milk  - --  --  --  --  1,033 

Cow’s  whey  - - - - - - - - - 1,019 

Human  urine  - --  --  --  5 1,01  £ 

l 1,026 

Human  blood  - --  --  --  - 1,054 

Craflamentum  of  human  blood  - - 1,126 

Alcohol,  or  pure  fpirituous  liquor*  - - 0,798 

Spirit 


* The  rectification  of  fpirits  (whether  from  wine,  or 
rum,  or  malt-liquor,  for  it  feems  to  be  all  the  fame  thing) 
has  been  carried  to  a very  great  degree  of  perfection,  by 
means  of  repeated  flow  diftillations,  together  with  the  ad- 
dition of  alkaline  falts,  which  have  a very  great  power  of 
abforbing  the  aqueous  part  of  the  liquor.  The  lighted  fpirit, 
which  I find  recorded,  was  uled  in  France,  by  Chauffier,  the 
fpecific  gravity  of  which  is  dated  at  0,798.  See  l’Ency- 
clopedie  Metnodique,  art.  Alcohol.  In  England  it  has  been 
obtained,  not  without  extraordinary  care  and  attention,  of 
the  fpecific  gravity  0,813.  Phil.  Tranf.  vol.  for  1790, 
p.  324.  But  with  moderate  attention  it  may  be  condantly 
obtained  of  the  fp.  gr.  0,82514,  and  of  this  quality  was  the 
fpirit  which  was  ufed  by  Mr.  Gilpin  in  his  experiments  for 
the  condrucdion  of  his  very  accurate  Tables,  wherein,  for 
convcniency’s  fake,  the  trifling  fraedion  0,00014  was  omit- 
ted (fee  the  Phil.  Tranf.  for  the  year  1790,  article  XVIII; 
for  the  year  1792,  art.  XXII;  and  for  the  year  1794,  art. 
XX.);  from  which  the  above  fpecific  gravities  of  water,  of 
fpirit,  and  of  the  mixtures  of  water  and  fpirit,  have  been  ex- 
tracted. 


The 
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Spec.  Guv. 

Spirit  ufed  for  the  Tables  which  are  in-1 
ferted  in  the  Phil.  Tranf.  for  1794  - J 

Proof-fpirit,  according  to  the  Englifh  Ex- 

cife  Laws*  - - --  --  --  0,916 


Specific  Gravities,  at  different  Temperatures,  of 
Spirit,  whole  Specific  Gravity  at  6o°  is  0,825- 


Heat.  s.jec-  Grav* 

^o0  - --  --  --  --  - 0,83896 

35*  - --  --  --  --  - 0,83672 

40* °>83  4+5 

45° - - - - 0,83214. 

50°  ----------  o,3  297.7 

55*  ---------  - 0,82736 


The  laft-mentioned  gentleman  having  procured  a fpeci- 
men  of  fpirit  of  fuperior  levity,  its  fpecific  gravity  being 
0,814x96  at  6o°  of  temperature,  endeavoured  to  afcertain 
what  addition  of  water  it  might  require  in  order  to  equal  his 
ftandard  fpirit;  and  upon  trial  found  that  when  1000  grains 
of  it  were  mixed  with  45  grains  of  water,  the  fpecific  gra- 
vity of  the  compound  was  0,825 153,  which  may  be  confider- 
ed  as  exactly  equal  to  that  of  his  ftandard  fpirit.  Phil. 
Tranf.  for  1790,  p.  340. 

* From  the  beft  interpretation  of  the  exifting  Adds 
of  Parliament,  it  feems  that  the  fpecific  gravity  of  what  is 
called  proof-fpirit , is  0,916;  and  that  it  confifts  of  100 
parts  of  rectified  fpirit  ot  the  Ipecific  gravity  0,825,  and  62 
parts  of  water  by  meafure,  or  75  by  weight;  the  whole  at 
60  of  heat,  (Dr.  Blagden’s  Report,  Phil,  Tranf.  for  xjqo, 
F-  339-) 
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I,eat‘  Spec.  Gray. 

6o°  - --  --  --  --  - 0,82500 

65°  - --  --  --  --  - 0,82262 

7°“  - --  --  --  --  - 0,82023 

75*  - --  --  --  --  - 0,8:780 

8o°  ----------  0,81530 

85°  - --  --  --  --  - 0,81283 

9°°  ----- 0,81039 

95°  - --  --  --  --  - 0,80788 

joo0  - --  --  --  --  - 0,80543 


Real  Specific  Gravities  of  Mixtures  of  Spirit  (of 
the  above-mentioned  Quality)  and  Dift tiled 
Water,  at  different  Temperatures.* 


I-Ieat. 

100  grains  of 

joo  grains  of 

1 

100  grains  of 

fpirit  to  5 grains 
of  water. 

fpirit  to  to  grains 
of  water. 

fpirit  to  1 5 grains 
of  water. 

30". 

0,84995 

0,85957 

0,86825 

35 

0,84769 

0,85729 

0,86587 

40 

0,84539 

0,85507 

0,86361 

45 

0,843  IO 

0,85277 

0,86131 

5° 

0,84076 

0,85042 

0,85902 

55 

0,83834 

0,84802 

0,85664 

60 

0,83599 

0,84568 

0,85430 

65 

0,83362 

0,84334 

0,85193 

70 

0,83  1 24 

0,84092 

0,84951 

75 

0,82878 

0,8385  I 

0,847  IO 

80 

0,82631 

0,83603 

0,84467 

85 

O 

cc 

rvi 

Ul 

oc 

ON 

°>83355 

0,84221 

90 

0,82142 

0,83111 

0,83977 

95 

o,S  \ 888 

0,82800 

0,83724 

103 

0,81643 

0,8261 8 

0,83478 

100  grains  of 
fpiric  to  20  grains 
of  water. 

0,87585 

c>8735 7 
0,87134 
0,86907 
0,86676 
0,86441 
0,86208 
0,85976 
0,85736 
0,85493 
0.85248 
0,85006 
0,84762 
0,8451 1 
0,84262 


* By  real  fpecifc  gravities,  are  meant  the  fpecific  gravities  found  by  ac- 
tual trial,  and  not  thofe  which  might  have  been  computed  fiom  the  quan- 
tities ot  the  ingredients.  The  latter  do  not  agree  with  the  former,  on  ac- 
count of  the  incorporation  or  lofs  of  bulk  which  takes  place.  See  page  51. 
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100  grains  of 

100  grains  of 

100  grains  of 

Heat. 

fpirit  to  25  grains 

fpirit  to  30  grains 

fpirit  to  35  grains 

of  water. 

ot  water. 

of  water. 

30°. 

0,88282 

0,88921 

0,8951 I 

35 

0,88059 

0,88701 

O.89294 

40 

0,87838 

0,88481 

0,89073 

45 

0,8761 3 

0,88255 

0 88849 

5o 

0,87384 

0,88030 

0,88626 

5S 

0,87150 

0,87796 

0,88393 

6o 

0,8691 8 

0,87  568 

o,88 169 

65 

0,86686 

0,873  37 

0,87938 

7° 

0,86451 

0,87105 

0,87705 

75 

0,86212 

0,86864 

0,87466 

80 

0,85966 

0,86623 

0,87228 

85 

0,85723 

0,86380 

0,86984 

90 

0,85483 

0,86139 

0,86743 

95 

0,85232 

0,85896 

0,86499 

IOO 

0,84984 

0,85646 

0,86254 

too  grains  of 

100  grains  of 

100  grains  of 

Heat. 

fpirit  to  45 grains 

fpirit  to  jograins 

fpirit  to  5 5 grains 

of  water. 

of  water. 

of  w*tcur. 

3O0, 

0,90558 

0,91023 

0,91449 

35 

°>9°345 

0,9081  I 

0,91 241 

4° 

0,90127 

0,90596 

0,91026 

45 

0,89909 

0,90380 

0,90812 

5° 

0,89684 

0,90160 

0,90596 

55 

0,89458 

0,89933 

0,90367 

60 

0,89232 

0,89707 

0,90144 

65 

0,89006 

0,89479 

0,89920 

70 

0,88773 

0,89252 

0,896^5 

75 

0,88538 

0,89018 

0,89464 

80 

0,88301 

0,88781 

0,89225 

85 

0,88067 

0,8855  1 

0,88998 

90 

0,87827 

0,88312 

0,88758 

95 

0,87586 

0,88069 

0,88521 

100 

0,87340 

0,87824 

0,88271 

ioo  grains  of 
fpiri  t to  40  grains 
ef  water. 

0,90054 

0,89839 

0,89617 

0,89396 

0,89174 

0,88945 

0,88720 

0,88490 

0,88254 

0,88018 

0,87776 

0,87541 

0,87302 

0,87060 

0,86813 


100  grains  of 
fpirit  to  6ogiains 
of  water. 

0,91847 
0,91640 
0,91428 
0,9121  1 
0,90997 
0,90768 
0,90549 
0,90328 
0,90104 
0,89872 
0,89639 
0,89409 
0,89173 
0,88937 
0,8869  1 


Heat. 
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100  grains  of 

100  grains  of 

100  grains  of 

IOO  grains  of 

Heat. 

fpirit  to  6 <;  grains 

fpirit  to  70  grains 

fpirit  to  7 5 grains 

fpirit  to  80  grain* 

of  water. 

of  water. 

of  water. 

ot  water. 

3°q 

O 9ZZI7 

0,92563 

0,92889 

0.93191 

35 

0.92^  09 

0,92355 

0,92680 

0,92986 

40 

0,01799 

0,92151 

0,92476 

0,92783 

45 

O 9.  (,84 

0,91937 

0,92264 

0,92570 

5° 

O.91370 

O 9I723 

0,92050 

0,92358 

55 

O 9‘ 144 

0,91  502 

0,91  837 

0,92145 

■60 

0,9c  927 

0,91  287 

0,91622 

0,91933 

65 

0,90707 

0,91066 

0,91400 

0,91715 

70 

0-90484 

O 90847 

091181 

0,91493 

75 

0,90232 

0,90617 

0,90952 

0,91  27O 

80 

0,90021 

0,90385 

0,90723 

0,91042 

85 

0,89793 

0,90157 

0,90496 

0,90818 

90 

0,895  58 

0,89925 

0,90270 

0,90590 

95 

0,89322 

0,89688 

0,90037 

0,90358 

100 

0,89082 

0,89453 

0,89758 

0,90123 

ico  grains  of 

100  grains  of 

100  grains  of 

too  grains  of 

Hear. 

fpirit  to  85  grains 

fpirit  to  90  grains 

fpirit  to  95  grains 

fpirit  to  100 

of  water. 

of  water. 

of  water. 

grains  of  water,, 

30® 

0,93474 

°;9374i 

0,93991 

0,94222 

35 

0,93274 

0,93541 

0,93790 

0,94025 

40 

0,93072 

°»9334I 

0,93592 

0,93827 

45 

0,92859 

0,93131 

0,93382 

0,93621 

5° 

0,92647 

0,92919 

°>93i7 7 

0,93439 

55 

0,92436 

0,92707 

0,92963 

0,93208 

60 

0,92225 

0,92499 

0,92758 

0,93002 

65 

0,92010 

0.92283 

0,92546 

0,92794 

7° 

0,91793 

0,92069 

o,92333 

0,92580 

75 

0,91569 

0,91849 

0,921 1 1 

0,92364 

80 

0,9134° 

0,91622 

0,91891 

0,92142 

85 

0,91  I 19 

0,91403 

0,91670 

0,91923 

90 

0,90891 

0,91177 

0,91446 

0,91705 

95 

0,90662 

0,90949 

O.9I ?ZI 

0,9148 ( 

100 

0,90428 

0,907 1 8 

0,90992 

0,91 252 

Hear, 
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Ot  crains  of  fpirit 

40  grainsof  fpirit 

3 3 grains  of  fpirit 

80  grains  offpirit 

Heat. 

to  100  grams 

to  100  grains 

to  100  grains 

to  100  graini 

of  water. 

of  water. 

ot  water. 

ot  water. 

3°° 

0-94447 

0,94675 

0,94920 

0, 95*73 

35 

0,94249 

0,94484 

0,94734 

0,94988 

4° 

o>94°5* 

0,94295 

0,94547 

0,94802 

45 

0,93860 

0,94096 

0,94348 

0,94605 

5° 

0,93658 

0,93897 

0,94149 

0-944*4 

55 

0,93452 

0,93696 

0,9394* 

0,94213 

60 

0.93247 

0,93493 

0,93749 

0,94018 

65 

°»93°4° 

0,93285 

0,93  546 

0,93822 

7° 

0,92828 

0,93076  • 

093337 

0,93616 

75 

0,9261 3 

0,92865 

0,93.32 

0,934*3 

80 

0,92393 

0,92646 

0,92917 

0,93201 

85 

0.92179 

0,92432 

0,92700 

0,92989 

99 

0,91962 

0,92220 

O.9249I 

0,92779 

95 

0,9174° 

0,91998 

0,92272 

0,92562 

100 

o>9i513 

0,91769 

0,92047 

0,92346 

* 

7t  grains  offpirit 

70grains  of  fpirit 

65  grains  of  fpirit 

60  grains  of  fpirit 

Heat. 

to  too  grains 

to  100  grains 

to  100  grains 

to  100  grain* 

of  water. 

of  water. 

of  water. 

of  water. 

O 

c 

CO 

0,95*29 

0,95681 

0,93944 

0,96209 

35 

0,95246 

CJ 

0 

uo 

LO 

O'. 

d 

0,95772 

0,96  48 

40 

0,95060 

0,95328 

O 95602 

0,9,879 

45 

0,94871 

0.95*43 

0,95423 

O,95705 

50 

0,94683 

0,94958 

0,95243 

0,05534 

55 

0,94486 

0,94767 

0,95057 

o>95357 

60 

0,94296 

0,94579 

0,94876 

0,95181 

6S 

0,94099 

0,94388 

0,94689 

0,95000 

70 

0,93898 

0,94193 

0,94500 

0,94813 

75 

0.93-95 

0,93989 

0,94301 

0,94623 

80 

0,93488 

0,93785 

0,94102 

0,9443 I 

85 

093282 

0,93582 

0,93902 

0,94236 

90 

0,93075 

0,93381 

0,93703 

0,94042 

95 

0,92858 

0,93170 

0-93497 

0,93839 

JOO 

0,92646 

0,92957 

0,93293 

0,93638 

94  Of  the  Specific  Gravities  of  Bodiei. 


Heat. 

55grainsof  fpirit 

5ograinsof  fpirit 

45  grains  of  fpiiit 

40  grains  of  fpiri 

to  100  grains 

to  100  grains 

to  100  grains 

to  100  grains 

of  water. 

of  water. 

of  water. 

of  water. 

3°° 

0,96470 

0,96719 

0,96967 

0,97200 

35 

0,963^ 

0,96579 

0,96840 

0,97086 

40 

0,96159 

0,96434 

0,9670 6 

0,96967 

45 

0,95993 

0,96280 

0,96563 

0,96840 

5° 

0,95831 

0,96  1 26 

0,96420 

0,96708 

55 

0,95662 

0,95966 

0,96272 

0,96575 

60 

0,95493 

0,95804 

0,96122 

0,96437 

6S 

0,95318 

0,95635 

0,95962 

0,96288 

70 

0,95139 

0,95469 

0,95802 

0,96143 

75 

0-94957 

0,95292 

0,95638 

0,95987 

So 

0,94768 

0,95111 

0,95467 

0,95826 

85 

0,94579 

0,94932 

0,95297 

0,95667 

9° 

0 94389 

0,94748 

0,95123 

0,95502 

95 

0,94196 

0,94563 

0,94944 

0,95328 

100 

0,93999 

0,94368 

°>94759 

0,95152 

3 3 grains  of  fpirit 

30grainsof  fpirit 

25grains  of  fpirit 

20  grains  of  fpiri 

Heat. 

to  100  grains 

to  ico  grains 

to  100  grains 

to  100  grains 

of  water. 

of  water. 

of  water. 

0 1 water. 

3°° 

0,97418 

0,97635 

0,97860 

0,98108 

35 

0 -973*9 

0,97556 

0,97801 

0,98076 

40 

0,97220 

0,97472 

0,97737 

0,97666 

0,98033 

45 

0,97  I IO 

0,97384 

0,97980 

5° 

O 96995 

0,97284 

0,97589 

0,97920 

55 

0,96877 

0,97181 

0,97500 

0,97847 

60 

0,96752 

0,97074 

0,97409 

°>97771 

65 

0,96620 

0,96959 

0,97309 

0,97688 

70 

0,96484 

0,96836 

0,97203 

0,97596 

75 

o,96344 

0,96708 

0,97086 

0,96963 

0,97495 

80 

0,96192 

0,96568 

°>97385 

85 

0,96046 

0,96437 

0,96843 

0,97271 

9° 

0,95889 

0,96293 

0,967  1 1 

0,97153 

95 

0,95727 

0,96139 

O 96568 

0.97025 

100 

0,95556 

0,95983 

0,96424 

0,96895 

Heat.. 
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1 

I5grains  of  fp'mt 

10  grains  of  fpirit 

5 grains  of  fpirit 

Heat. 

to  too  grains 

to  100  grains 

to  100  grains 

of  water. 

ot  water. 

of  water. 

20° 

0,98412 

0,98804 

0,993  34 

3 c 

0.98397 

0,98804 

0 99344 

4° 

0,98373 

0,98795 

0 9934? 

4? 

0,98338 

O.987T4 

0,99338 

50 

0,98293 

0,98745 

0,993 16 

55 

0,98259 

0,98702 

0,99284 

60 

0,98176 

0,98654 

0,99244 

65 

0,98106 

0,98594 

0,99194 

70 

0,98028 

0,98527 

o,99 1 34 

75 

0,97943 

0,98454 

0,9906  6 

80 

0,97845 

0,98367 

0,98991 

85 

0,97744 

0,9828  1 

0,98912 

9° 

0,97637 

0,98  1 85 

0,98824 

95 

0,97523 

0,98082 

0,98729 

100 

0,97401 

0,97969 

0,98625 

Sulphuric,  or  vitriolic,  ether 
Nitric  ether  - 
Muriatic  ether 
Acetic  ether  - 


°,7396 

0,9088 

0,7296 

0,8664 


Common,  or  atmofphe- 
rical,  air,*  the  mercu- 
ry in  the  barometer 
being  29,75  ln.  high, 


' at  o°  of  heat 
at  3 2°  of  heat 
at  6o°  of  heat 
i.  at  2120  of  heat 


0,001393 

0,001299 

0,001220 

0,000938 


Azotic 


* The  fpecific  gravity  of  common  air  is  not  conftantly 
the  fame.  It  increafes  when  the  mercury  rifes  in  the  ba- 
rometer, and  vice  verfa.  Air  is  alfo  expanded  by  heat,  and 

is 
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Azotic  gas* *  - barometer  at  29,75  in. 

Oxygen  gas*  - barometer  at  29,75  ln.  0,001305 
Hydrogen  gas*  - barometer  at  29,75  ln.  0,000091 
Carbonic  acid  gas*  barometer  at  29,75  0,001682 

Nitrous  gas*  - barometer  at  29,75  ,n.  0,001411 
Ammoniacalgas*  barometer  at  29,75  in.  0,000706 

Betides  fhewing  the  comparative  gravities  of  bo- 
dies, which  are  to  be  been  by  bare  infpedion,  the 
great  ufe  of  a table  of  fpecific  gravities  is  for  afeer- 
taining  the  real  weights  of  bodies,  and  that  with- 
out adually  weighing  them,  when  their  dimenfions 
are  known,  according  to  what  has  been  already 
explained  in  page  43.  But  for  this  purpofe  it  is 
neceflary  to  know  the  real  weight  of  a determi- 


is  contracted  by  cold,  though  not  regularly ; the  greateft 
expanfion  taking  place  between  the  degrees  520  and  720  of 
Fahrenheit’s  thermometer,  and  the  ieafl  at  about  2i2°. 
But  the  expanfion  for  the  fame  degrees  of  heat  alfo  varies 
according  to  the  quantity  of  moiflure  in  the  air,  and  to  the 
altitude  of  the  mercury  in  the  barometer.  When  this  al- 
titude is  29,75  and  the  air  is  in  a mean  Hate  of  moilture, 
it  then  receives  an  addition  of  0,484  to  its  bulk  by  the  heat 
of  2 1 2°  5 viz.  a given  meafure  of  air  at  0°  becomes  1,484 
meafure  at  212%  in  which  cafe  the  mean  rate  of  expanfion 

for  each  degree  is  = ) c>°°2283. 

* Thofe  gaffes,  or  artificial  airs, are,  befides  the  influence 
of  preflu  re  and  heat,  more  fluctuating  in  their  fpecific  gra- 
vities. The  above  ftatements  mult  be  underltood  of  their 
purelt  Hates. 


nate 
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'nate  bulk  of  one  of  the  fubftances  that  are  men- 
tioned in  the  table.  Now  iince  water  has  been  af- 
J umed  as  the  ftandard  of  companion  for  the  lpeci- 
fic  gravities  of  all  other  bodies,  it  will  be  more 
convenient  to  know  the  real  weight  of  a certain 
quantity  of  water,  viz.  a cubic  inch,  or  a cubic: 
foot  of  it,  than  of  any  other  body. 

Though  at  fir  ft  fight  it  may  appear  eafy  to  de- 
termine the  real  weight  of  a certain  bulk  of  water, 
yet  the  reader  may  reft  allured,  that  this  deter- 
mination is  attended  with  very  great  difficulties, 
which  arife  from  the  imperfe&ions  of  the  balance, 
of  the  weights,  of  the  meafures  which  are  employ- 
ed for  meafuring  the  bulk,  &c. — From  the  molt 
accurate  experiments,  performed  with  the  beft  in- 
ftruments,  and  with  all  the  precautions  which  the 
prefent  ftate  of  philofophical  knowledge  can  fug- 
ged:, it  has  been  afcertained  that  a cubic  inch  of 
diftilled  water  at  the  temperature  of  6o°  weighs 
251,576  grains  troy;  5760  of  which  grains  are 
equal  to  one  pound  troy.* 

The 


* This  weight  has  been  calculated  for  the  temperature 
of  &o°,  from  the  ftatement  of  Sir  George  Shuckburg  Eve, 
Jyn’s  elaborate  paper  in  the  Phil.  Trans,  for  the  year  1798; 
where,  after  the  recital  of  his  numerous  experiments,  this 
author  exprelTes  himfelf  thus  — “ In  conclufion  it  appears 
“ then  that  the  difference  of  the  lengths  of  two  pendulums, 
‘‘  fuch  as  Mr.  Whitehurft  ufed,  vibrating  42  and  84.  times 
“ in  a mir.ute  of  mean  time,  in  the  latitude  of  London,  at 
vol.  11.  H « 1 13 
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The  general  rule  for  determining  the  real 
weight  of  any  fubftance  which  is  mentioned  in  the 
preceding  table,  when  its  bulk  is  known,  and  s 
expreffed  in  cubical  inches,  or  by  any  other  di- 
menfion  which  may  be  reduced  into  inches,  is  as 
follows.  Multiply  the  weight  of  a cubic  inch  of 
water  by  the  number  of  cubic  inches  which  ex- 
press the  bulk  of  the  body  in  queftion,  and  mul- 
tiply the  product  by  the  fpecific  gravity  of  the 
body  in  queftion.  The  laft  product  exprefles  the 
real  weight  of  the  body. 

Thus  if  it  be  propofed  to  determine  the  weight 
of  10  cubic  inches  of  carbonic  acid  gas,  which  is 
the  laft  fubftance  but  two  in  the  table,  and  whole 
fpecific  gravity  is  0,001682;  multiply  the  weight 
of  a cubic  inch  of  water  by  ten,  and  the  product 
will  be  2525,76;  then  multiply  this  produft  by 
0,001682,  and  the  product  4,2483283,  will  exprefs 
the  weight  in  grains  of  ten  cubic  inches  of  carbo- 
nic acid  gas,  viz.  4 \ grains  nearly,  at  the  tem- 
perature of  6o°,  and  when  the  barometer  (lands  at 
.29,75  inches. 


a 1 13  feet  above  the  level  of  the  fea,  in  the  temperature  of 
“ 6o°,  and  the  barometer  at  30  inches,  is  59589358  in- 
il  ches  of  the  parliamentary  ftandard ; from  whence  all  the 
tt  meafures  of  fuperficies  and  capacity  are  deducible.” 

“ That  agreeably  to  the  fame  fcale  of  inches,  a cubic 
<c  inch  oi  pure  diftilled  water,  when  the  barometer  is  at 
“ 29,74  inches,  and  thermometer  at  66°,  weighs  252,422 
“ parliamentary  grains ; from  whence  all  the  other  weights 
may  be  derived.” 
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CHAPTER  IV. 

OF  THE  ACTIONS  OF  NON-ELASTIC  FLUIDS  IN 

MOTION. 

HITHERTO  we  have  explained  the  equi- 
librium of  fluids,  or  the  properties  of  fluids 
in  a quiefcent  ftate.  It  is  now  neceflary  to  ex- 
amine the  laws  which  relate  to  the  lame  when  in 
motion. 

Fluids,  like  folids,  are  poflefled  of  the  general 
properties  of  matter,  luch  as  have  been  Hated  and 
illuftrated  in  the  firft  part  of  this  work;  and 
amongll  thofe  general  properties  the  inertia , and 
the  force  of  gravity  have  been  fhewn  to  form  the 

foundation  of  the  doCtrine  of  motion.  It  has 

• 

been  obferved  that  in  practical  cafes  the  theoreti- 
cal laws  of  motion  cannot  be  verified  to  a great 
degree  of  exadtnefs,  on  account  of  the  fluctuating 
refiftance  of  the  air,  and  of  the  friction  between 
the  various  moving  parts  of  contiguous  bodies. 
But  befides  thefe,  fluids  are  obftrudted  in  their  mo- 
tions by  the  attraction,  adhefion,  or  vifcidity, 
amongft  their  own  particles;  by  their  adhefion  or 
attraction  to  other  bodies,  and  likewife  by  fome 
other  circumftances  which  have  not  yet  been  fuf- 
ficiently  inveftigated. 

The  extenfive  application  of  the  fubjeet,  and 
.the  imperfedt  Hate  of  knowledge  relatively  to  it, 

h 2 fug- 
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fugged  to  perfons  of  fcience  the  neceffity  of  in- 
dituting  a long  and  ferious  experimental  invedi- 
gation,  which,  in  addition  to  the  difcoveries  and 
experiments  that  have  been  already  made  by  many 
able  perfons,  would  much  contribute  to  the  ad- 
vancement of  the  theory,  and  would  prove  very 
beneficial  to  mankind  in  various  refpeds,  as  in 
the  condruftion  of  hydraulic  machines,  condruc- 
tion  of  fhips,  navigation,  &c. 

The  only  plan  which  we  can  at  prefent  adopt, 
is,  to  date  in  a compendious  manner  the  princ  ipal 
propofitions  which  relate  to  the  motion  of  fluids  j 
then  to  point  out  fome  of  the  deviations  from  the 
theoretical  rules  which  experience  has  clearly  fhewn  , 
and,  laflly,  to  refer  the  inquifitive  reader  to  the 
works  of  the  bed  authors  who  have  written  pro- 
fefledly  on  the  fubjetd. 

Propofition.  I.  The  forces  of  a fluid  medinnh on 
a plane  cutting  the  direction  of  its  motion  zvith  different 
inclinations  ficcefflvely , are  as  the J'quares  of  the  fines 
of  thofe  inclinations. 

Let  IKCH,  fig.  15.  Plate  X.  reprefent  a fluid, 
for  indance,  the  water  of  a river  moving  from  IK 
towards  CH  ; and  let  GB  reprefent  the  edge  or 
feftion  of  a plain  furfacc,  fituated  in  the  water, 
perpendicular  to  the  furface  of  the  water,  but  in- 
clined to  the  direction  of  its  motion,  fo  as  to  make 
an  angle  DBG  with  it,  which  is  called  the  angle  of 
incidence , or  of  inclination \ 


Draw 
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Draw  the  quadrant al  arch  ABF,  make  AG 
perpendicular  to  the  direction  of  the  fluid,  and 
from  B drop  BD  perpendicular  to  AG.  Then 
AG,  or  its  equal  GB  is  the  radius,  and  GD  is  the 
fine  of  the  anode  of  inclination  DBG.  Now  we 

O 

have  to  prove  that  the  force  of  the  moving  fluid 
upon  the  plane  is  as  the  fquare  of  the  fine  DG  ; 
viz.  that  if,  in  the  fituation  which  is  reprefented 
by  the  figure,  the  fine  or  line  GD  meafure  four 
feet,  and  the  preflure  of  the  water  upon  the  plane 
be  equivalent  to  21  y pounds ; then,  when  the  plane 
is  fituated  at  another  inclination  GT,  where  the 
fine  GS  meafures  3 feet,  the  preflure  of  the  water 
upon  the  plane  will  be  equivalent  to  12  pounds; 
for  the  fquare  of  4 is  16,  the  fquare  of  3 is  9,  and 
16  is  to  9 as  2if  is  to  12.  Alfo  when  the  plane 
lies  in  the  fituation  GF,  which  is  in  the  direction 
of  the  motion  of  the  fluid,  then  the  preflure  upon 
it  vanifhes,  or  becomes  equal  to  nothing. 

In  order  to  prove  this  proposition  it  muft  be  re- 
collected, that,  according  to  the  laws  of  oblique 
impulfes,  the  force  is  to  the  effeCt  as  radius  is  to 
the  fine  of  inclination,  (fee  chap.  VIII.  of  Part  I.). 
Therefore  in  the  prefent  cafe,  if  the  fame  quantity 
of  water  fell  upon  the  plane  in  the  fituation  AG, 
as  in  the  fituation  GB,  the  preflu  res  upon  the  plane 
in  thofe  two  Situations  would  be  as  AG  to  GD. 
But  it  is  evident  that  in  the  fituation  AG  a greater 
quantity  of  the  fluid  falls  upon  the  plane,  than  in  the 
fituation  GB;  for  in  the  latter  fituation  the  part 

h 3 ADBC 
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ADBC  of  the  dream  does  not  meet  the  plane : 
hence  it  is  farther  evident  that  the  quanties  of  wa- 
ter which  fall  upon  the  plane  in  thofe  two  fixa- 
tions, are  as  AG  to  GD,  and  thofe  different  quan- 
tities of  fluid  muff  prefs  forward  with  forces  pro- 
portionate to  their  quantities  ; viz.  as  AG  to  GD  : 
but  the  preffures  on  the  plane  are,  on  account  of 
the  inclinations  only,  as  AG  to  GD:  therefore,  in 
confequence  of  both  thefe  caufes  combined  to- 
gether, the  preffures  on  the  plane  in  the  two  fixa- 
tions are  as  AG  multiplied  by  AG,  to  GD  multi- 
plied by  GD ; viz.  as  the  fquare  of  AG  (which  is 
the  radius,  or  fine  of  the  perpendicular  direction) 
to  the  fquare  of  the  fine  GD.  And  the  fame 
reafoning  is  evidently  applicable  to  any  other  in- 
clination of  the  plane. 

It  is  alfo  evident  that  the  effect  or  preffure  on 
the  plane  is  the  fame,  whether  the  plane  ftands  {till 
and  the  fluid  moves,  or  the  fluid  is  at  reft  and  the 
plane  is  moved  towards  IK  in  a direction  parallel 
to  its  original  fixation  j viz.  with  the  fame  in- 
clination. 

Now  in  this  explanation  we  have  omitted  fcveral 
interfering  circumftances;  we  have  not  taken  notice 
of  the  particles  of  water  after  they  have  touched 
the  plane ; for  thofe  particles,  after  that  meeting, 
muff  go  lomewhere.  They  cannot  return  towards 
IK,  for  that  would  be  prevented  by  the  current 
of  the  fluid  j yet  they  form  fome  oppofition  or 
impediment  to  the  current,  and  that  oppofition 


vanes 
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varies  according  to  the  velocity  of  the  current,  and 
the  inclination  of  the  plane.  The  water  therefore 
which  falls  upon  the  plane  mull  flow  over  the  edge 
of  the  plane  at  B,  and  in  a diredtion  which  erodes 
the  original  diredtion  of  the  dream,  as  is  indicated 
by  the  figure;  and  it  thus  forms  another  impedi- 
ment to  the  motion  of  the  fiream,  which  contri- 
butes to  alter  the  law  which  is  exprefled  in  the 
proportion.  The  effect:  of  this  lad  fort  of  ob- 
drudtion  is  fubjed  to  very  great  variations,  which 
depend  upon  the  didance  of  the  bottom  and  fides 
of  the  vcflel,  or  banks  of  the  river,  from  the  plane  ; 
upon  the  quality  of  the  fluid;  but,  principally, upon 
the  velocity  of  the  dream ; for  when  the  dream 
moves  with  very  great  velocity,  the  water,  which, 
after  having  druck  the  plane,  flows  over  the  edges 
of  it,  has  no  time  to  go  quite  behind  the  plane, 
but  is  prefled  forward  by  the  water  that  follows, 
and,  indead  of  going  behind  the  plane,  it  tends  to 
carry  away,  by  the  adhefion  or  vifeidity  of  its 
parts,  the  water  which  it  already  finds  behind  the 
plane,  (fee  fig.  16,  Plate  X.)  : hence  the  preflure 
on  the  plane  is  increated  confiderably  ; becaufe  in 
that  cafe,  the  plane,  befides  its  being  prefled  on  one 
fide,  is  alfo  fupported  lefs  on  the  other  fide. 

We  have  alfo  omitted  to  take  into  the  account 
the  efFedt  of  fridtion,  which  arifes  from  the  adhe- 
fion of  the  water  to  the  plain  furface,  and  from 
the  attradtion  amongd  the  particles  of  the  water: 

h 4 but 
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but  thole  caufes  of  obflruClion  cannot  be  eafly 
fubje&ed  to  calculation,  fince  they  depend  upon 
Other  fluctuating  caufes ; luch  as  the  nature, 
purity,  and  temperature  of  the  fluid,  the  nature 
of  the  plane,  and  the  velocity  of  the  motion. — 
It  is  in  confequence  of  this  adhefion  or  fri&ion, 
that  the  plane  fullers  fome  degree  of  preflure,  even 
when  it  Hands  in  the  direction  GF,  viz.  in  the  di- 
rection of  the  ftream. 

It  therefore  evidently  appears,  that  the  theory 
of  the  motion  of  fluids  depends  on  fome  certain, 
and  upon  other  fluctuating  caufes,  which  render 
the  inveftigation  of  it  extremely  difficult  and  per- 
plexing. 

Thefe  remarks  on  the  various  caufes  w hich  ren- 
der the  refult  of  experiments  different  from  the 
deductions  of  the  theoretical  propofitions,  are  alfo 
applicable  in  a greater  or  lefs  degree  to  the  follow- 
ing profit  ions. 

Propofition  II.  If  the  inclination  of  the  -plane,  in 
the  conf  ruction  of  the  preceding  propofition , remain  the 
fame , and  the  velocity  of  the  fluid  varies,  then  the 
preflure  on  the  plane  varies  as  the  fquare  of  the  ve- 
locity. 

Thus,  if,  when  the  water  moves  at  the  rate  of  2 
feet  per  fecond,  the  preflure  on  a certain  fixed 
plane  is  equivalent  to  10  pounds;  then,  when  the 
water  moves  at  the  rate  of  5 feet  per  fecond,  the 
preflure  will  be  equivalent  to  62 1 pounds ; for  the 
ur>  fquare 
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lquare  of  2 is  4,  the  fquare  of  5 is  2 5,  and  4 is 
to  23,  as  io  pounds  arc  to  62  { pounds. 

If  in  equal  times  the  fame  quantity  of  water 
ftruck  the  plane  with  different  velocities,  the  pref- 
fures  would  be  as  the  velocities ; viz.  a double  ve- 
locity would  produce  a double  effedt,  a treble  ve- 
locity a treble  effedt ; becaufe  the  momentum  is 
equal  to  the  produdt  of  the  quantity  of  matter  by 
the  velocity;  and,  according  to  this  fuppofition,  the 
quantity  of  water  is  the  fame.  But  it  is  evident 
that  when  the  velocity  is  double,  a double  quan- 
tity of  water  will  flrike  againft  the  plane  in  an 
equal  portion  of  time;  hence  the  preffure  is 
doubled  on  account  of  the  velocity,  and  again 
doubled  on  account  of  the  double  quantity  of  wa- 
ter; fo  that  upon  the  whole  the  preffure  becomes 
as  2 multiplied  by  2,  or  as  the  fquare  of  2.  — For 
the  fame  reafon,  when  the  velocity  of  the  water  is 
trebled,  the  preffure  is  as  three  times  3,  or  as  the 
fquare  of  3 ; when  the  velocity  is  quadrupled,  the 
preffure  is  as  the  fquare  of  four ; and,  in  lliort,  the 
preffure  on  the  plane  will  be  as  the  fquare  of  the 
velocity. 

However,  on  account  of  the  above-mentioned 
caufes  of  obftrudtion,  this  increafe  of  p reffure,  in 
proportion  to  the  fquare  of  the  velocity,  is  by  no 
means  very  regular,  nor  will  it  proceed  beyond  a 
certain  limit. 

The  refult  of  this  proposition  is  evidently  the 
fame,  whether  the  plane  be  fuppofed  to  remain 

fixed 
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fixed  and  the  fluid  to  move,  or  the  fluid  be  Tup- 
pofed  to  be  at  reft  and  the  plane  to  be  carried 
through  it  with  the'  fame  invariable  inclination. 
— The  fame  thing  muft  likewife  be  underftood  of 
heavy  bodies  defeending  in  fluids. 

Propofition  III.  If  planes  of  different  dimenji- 
ons  move  with  like  inclinations , hut  with  different  ve- 
locities, and  in  different  fluids  •,  the  preffure  upon  each 
plane  will  be  as  the  pro  dud!  which  arifes  by  multiply- 
ing the  fquare  of  the  velocity  by  the  area  of  the  pl^ne, 
and  by  the  denjily  of  the  fluid  belonging  to  that  plane. 

For  it  is  evident  from  the  preceding  Propofition 
that  when  the  areas  of  the  planes  and  the  fluids 
are  alike,  the  preffures  are  as  the  fquares  of  the 
velocities'}  and  it  is  alio  evident,  that,  if  the  furface 
of  the  plane  be  doubled,  (which  makes  it  equal  to 
twice  the  original  plane,)  or  trebled,  (which  makes 
it  equal  to  thrice  the  original  plane,)  See.  the  pref- 
fure, or  its  equal,  the  tquare  of  the  velocity  will 
likewife  be  doubled  or  trebled,  &c.  Alfo  this 
doubled  or  trebled  fquare  of  the  velocity  muft  be 
again  multiplied  by  the  denfity  of  the  fluid  ; for  a 
fluid  which  weighs  twice,  or  three  times,  or  any 
other  number  of  times,  as  much  as  another  fluid, 
muft  produce  a double,  or  treble,  or  other  propor- 
tionate, effedt. 

In  practical  cafes  of  this  fort  the  refult  of  ex- 
periments has  been  found  to  differ  conGderably 
from  the  theoretical  calculations,  which  difference 
is  produced  by  the  above-mentioned  fluctuating 
caufes. 


Thus 
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Thus  far  we  have  confidered  the  quantity  of 
preffure  which  iluids  in  motion  exert  upon  planes, 
or  planes  in  motion  receive  from  fluids  at  reft. 
The  particulars  relative  to  the  effeids  which  are 
produced  by  that  preffure,  may  be  eafily  fuggefted 
by  the  recoilediion  of  what  has  been  already  dated 
and  explained  in  the  fir  ft  part,  refpeding  the  ef- 
fects of  diredt  and  oblique  impulfes ; yet  it  will  be 
of  ufe  to  affift  that  recoilediion,  by  briefly  obferv- 
ing,  that  a body  which  receives  an  impreflion  from 
a fluid,  will  be  driven  (or,  which  is  the  fame  thing, 
the  body  muft  be  fupported)  in  a direction  which 
is  either  diredtly  oppofite,  or  differently  inclined, 
according  as  the  direction  of  the  preflure  is  diredt 
or  inclined  in  a greater  or  lei's  degree. 

Thus  let  ABHI,  fig.  1.  Plate  XI,  reprefent  a cur- 
rent of  water  from  H to  A ; let  D reprefent  the  up- 
per edge  of  a body  with  a flat  furface,  lying  per- 
pendicularly into  the  water,  and  held  by  means  of 
ropes *at  E.  Now  in  this  fituation,  the  current  will 
exert  its  full  and  diredt  force  againf!  the  plane  fur- 
face  of  the  body ; and  if  the  ropes  be  let  go  at  E, 
the  body  will  be  driven  down  by  the  current, 
without  deviating  one  way  or  the  other.  But  if 
the  faid  body  be  fituated  in  a di  red  ion  oblique  to 
the  dream,  as  at  F,  and  be  held  by  means  of  ropes 
at  G ; the  force  of  the  current  will  drive  it  again  ft 
the  fide  of  the  river  as  at  K,  and  a Idler  power 
will  be  required  at  G to  prevent  the  body  being 
driven  away  with  the  dream.  In  this  cafe  the 

force 
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force  of  the  ft  re  am  upon  the  body  mu  ft  be  re- 
folved  into  two  forces,  viz.  LM  and  MF,  the 
former  of  which  is  counteracted  by  the  power  at 
G,  vvhilft  the  latter  drives  the  body  towards  the 
bank  of  the  river,  (iee  chap.  VIII.  of  Part  L).  But 
if,  when  the  body  is  at  F,  the  ropes  be  let  go  at  G, 
then  the  body  will  be  driven  down  by  the  current, 
nor  will  it  run  towards  the  bank  ; for  in  this  cafe 
the  body,  by  moving  with  the  water,  will  be  at  reft 
relatively  to  it,  and  of  courfe  it  will  not  receive 
any  irnpreffion  from  it. 

It  is  in  confequence  of  tire  fame  principle  that 
the  flrip  AB,  fig.  2.  Plate  XI.  is  impelled  in  the  di- 
rection from  A towards  C,  by  the  wind  which  blows 
from  W towards  H,  upon  the  oblique  fails  FG, 
DE.  But  in  this  cafe  of  a Fin  ip,  it  mud  be  remark- 
ed, that  befides  the  fails,  the  wind  blows  alfo  upon 
the  body  of  tire  fhip,  upon  the  ropes,  mails.  See. 
which  are  not  oblique  to  the  direction  of  the  wind  ; 
in  confequence  of  which  the  veflfel  is  partly  impel- 
led towards  FI  ; and,  in  fa£t,  this  will  be  found  to 
move  in  the  line  DK,  though  the  direction  of  the 
body  of  the  veffel  be  always  parallel  to  AB.  The 
difiance  CK,  viz.  of  the  place  in  which  the  flrip 
is  actually  found  after  a certain  time,  from  that  in 
which  it  ought  to  have  been  according  to  its  ori- 
ginal  direction  AB,  is  called  the  lee -wav  ; and  this 
lee-way  is  proportionately  greater,  the  more  the 
wind  is  inclined  to  the  Fails. 


The 
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The  lame  principle  likewile  explains  the  adtion 
of  the  rudder  in  turning  the  Chip;  for  when  the 
Ihip  AC,  fig.  3.  Plate  XI.  is  in  motion  from  A 
towards  C,  if  the  rudder  be  fituated  in  the  direction 
AB,  oblique  to  the  keel,  the  water  falling  oblique- 
ly upon  it,  impels  it  towards  E,  and  of  courie  the 
head  C of  the  fhip  will  be  turned  towards  D.  But 
when  the  Ihip  is  becalmed,  the  letting  of  the  rud- 
der aflant  to  the  keel  will  have  no  power  to  turn 
the  (hip,  becaufe  the  Hi  ip  being  at  reft  with  refpect 
to  the  water,  no  impulle  can  take  place.  (1.) 


(1.)  The  method  of  eftimating  the  force  of  the  wind 
upon  the  fails  of  a Ihip,  or  of  a windmill  5 alfo  the  force  of 
the  water  upon  the  rudder  of  a fhip  in  motion,  or  upon  the 
gates  of  a lock,  or  fluice  in  a river,  Sc c.  is  derived  from 
Propofition  II.  of  this  chapter.  But  this  force  or  prefiure 
of  the  wine}  upon  the  fails  of  a windmill,  muft  not  be  mif- 
taken  for  tWt  force  which  turns  the  axis  of  the  mill ; nor 
mult  the  torce  of  the  water  upon  the  rudder  of  a fhip  be 
miftaken  for  the  force  which  actually  compels  the  fhip  to 
turn ; for  the  latter  is  only  a part  of  the  former,  as  will  be 
fhewn  by  what  follows. 

The  force  of  windy  which  Jlrikes  upon  the  fail , to  turn  the 
axis  oj  a windmill ; or  the  force  of  the  water  which  Jlrikes 
againjl  the  rudder , to  turn  the  fhip , is  as  the  product  of  the 
cofine  multiplied  by  the  fquare  of  the  fine  of  the  inclination  of 
the  fail  to  the  windy  or  of  the  rudder  to  the  direction  of  the 
water. 

Let  AB,  fig.  4.  Plate  XI.  reprefent  the  axis  of  a wind- 
mill, and  DC  one  ofits  fails,  fituated  in  the  direction  EC,  in- 
clined 
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It  is  in  confequence  of  the  effedils  which  arife 
from  the  different  obliquity  of  impulfes,  that  bo- 
dies of  the  fame  weight  and  bulk,  but  of  different 
ffiapes,  will  move  through  a fluid  with  more  or 

lefs 


dined  to  the  diredion  GC  of  the  wind,  which  is  parallel 
to  the  axis  AB. 

Through  any  point  G in  the  line  GC,  draw  a line  GE 
perpendicular  to  CE,  and  through  the  point  E,  where  GE 
meets  CE,  draw  EF  perpendicular  to  GC.  Then  GC  is 
the  radius,  GE  is  the  fine,  and  EC  is  the  cofine  of  the  an- 
gle GCE,  viz.  of  the  inclination  of  the  fail  to  the  wind. 
Therefore,  by  Propofition  II.  of  this  chapter,  the  force  of 
the  wind  upon  the  fail,  when  this  is  placed  diredly  oppofite 
to  it,  is  to  the  force  of  the  wind  upon  the  fail,  when  this  is 
placed  in  the  oblique  diredion  EC  to  it,  as  G L f is  to  GE  *. 
But  the  force  in  the  direction  GE  is  refolved  into  two 
forces,  viz.  EF  and  GF,  the  latter  of  which  being  parallel 
to  the  axis,  cannot  contribute  to  turn  it  round  ; but  the 
force  I'E,  being  perpendicular  thereto,  is  employed  en- 
tirely in  turning:  the  axis  or  the  fail  round.  Now  the  force 

GF  x CE 

GE  : force  EF  : : GC  : CE  j therefore  EF  — —b—Tg— - 


Hence  GE  : EF  : : GE  : 


GE  x CE 

GC 


geT 


GEr  xCE 
GC 


: ; (making  the  radius  GC  equal  one,  or  unity)  GE?}1: 
G iff1  x EC  rrthe  cofine  multiplied  into  the  fquare  of  the 
fine  of  the  angle  of  inclination  GCE;  w'hich  produd, 
therefore,  expreffes  that  part  of  the  force  of  the  wind  upon 
each  fail  of  the  windmill,  which  contributes  to  turn  the 
axis  of  the  mill  round. 


Since 
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lefs  freedom.  Thus  it  has  been  calculated,  that 
if  a cylinder  going  in  the  direction  of  its  axis,  and 
a fphere  of  the  fame  diameter,  move  in  the  fame 
fluid  with  the  fame  velocity,  the  refiflance  to  the 
motion  of  the  the  cylinder  will  be  double  to  that 

of 


Since,  when  the  fine  of  an  angle  increafes,  the  cofine  dc- 
creafes,  and  vice  verja-,  therefore  there  is  a limit,  at  which 
the  product  of  the  coline  by  the  fquare  of  the  fine  is  the 
greatefl,  or  maximum.  This  limit,  or  this  maximum,  is 
eafily  afeertained  by  the  method  of  fluxions,  and  is  done 
in  the  following  manner. 

Making  the  radiusm,  and  putting  a-  for  the  cofine  EC, 
We  have,  (Eucl.  p.  47.  B.  I.)  = i — **i  which  mul- 

tiplied by  the  cofine  x,  becomes  A3  =:  to  the  force  of  the 
wind  upon  each  fail,  to  turn  the  axis  of  the  milL  Since 
the  fluxion  of  a maximum  is  r:o;  therefore,  when  x—x3  is 
a maximum,  its  fluxion  x — ^x'x  — 0;  or  x — 3v"a,  which 
divided  by  a,  becomes  l—^x1:  hence  xz  — L;  and  x~y/T 

Therefore,  working  by  logarithms,  .v  — c °’477I2I25  _ 

2 

0,23856062  — 9,76143938,  which  is  the  logarithmic 
cofine  of  54°.  44".  8".  Therefore  the  moft  advantage- 
ous fituation  of  the  fail  with  refpedl  to  the  direction 
of  the  wind,  or  the  fituation  in  which  the  wind  has  the 
greateft  power  to  turn  the  fail  and  the  axis  of  the  mill  round., 
is  when  the  direction  of  the  fail  makes  an  angle  GCE  o; 

54°  • 44  - 8",  with  the  direction  GC  of  the  wind. 

I he  fame  fort  of  demonftration  is  applicable  to  the 
power  which  the  impreffion  of  the  water  on  the  rudder  of  a 
fliip  in  motion,  has  to  turn  the  (hip. 

bi  fig.  5.  Elate  XI,  AD  reprefents  part  of  the  fliip,  B 
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of  the  globe ; which  principally  arifes  from  the  for- 
mer prefenting  its  flat  bale  to  the  fluid;  whereas 
the  latter  prefents  a curve  furface  which  receives 
the  fluid  obliquely.  Bodies  of  the  lame  bulk,  but 
of  other  different  fhapes,  have  been  likewife  fub- 

jeeted 


its  redder  fituated  in  the  oblique  pofition  EC.  The  direc- 
tion of  the  water  is  from  G towards  C,  fmee  the  veftel 
moves  in  the  contrary  diredtion.  Therefore  the  water 
ftrikes  again  ft  the  rudder  at  an  angle  of  inclination  GCE, 
which,  firice  the  keel  of  the  fiiip  is  parallel  to  CG,  is  equal 
to  the  angle  SEC,  which  the  rudder  makes  with  the  keel. 

From  any  point  G,  in  the  line  CG,  drop  GE  perpendicu- 
lar to  CE,  and  from  E drop  EF  perpendicular  to  CG. 
Then  CG  is  the  radius,  GE  is  the  fine,  and  CE  the  coline, 
of  the  inclination  of  the  rudder  to  the  keel,  or  to  the  direc- 
tion of  the  water.  Now  the  direct  force  of  the  water,  is  to 
its  oblique  force  upon  the  rudder,  as  C Gf  is  to  GEl1;  the 
latter  of  which  being  rtfolvtd  into  the  two  forces  EF  and  Gf , 
it  is  evident  that  EE  is  the  only  force  which  can  contribute 
to  turn  the  {hip  ; for  Gi',  being  parallel  to  the  keel,  can 
have  r.o  power  upon  it.  Then  GE  : EF  : : GC  : CE  ; 
GE  x CE 


therefore  E 7 =a 

GE  x CE 
GC  : 


GC 
. GEl1  x CE 
GC 


hence  GE  : EF  : : GE  : 


: : (the  radius  being— i.) 


Gil1  : GEftxCE;  which  is  exactly  the  fame  refult  as 
was  obtained  above  for  the  fail  of  the  windmill ; and  of 
courfe  it  admits  of  the  fame  maximum,  viz.  the  adtion  of 
the  water  againft  the  rudder  has  the  greateft  power  of  turn- 
ing the  fit  ip,  when  the  diredlion  EC  of  the  rudder  makes  the 
an>fle  CES  with  the  keel ; or,  which  is  the  fame  thing,  when  it 

makes 
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jedted  to  calculation  with  refpedt  to  the  refinance 
which  they  receive  from  moving  fluids.  1 he  fhape 
of  a body  which  will  move  through  a fluid  with  the 
greateft  freedom  poflible,  has  alfo  been  calculated  ; 
but  the  refults  of  adtual  experiments  have  been 
found  to  differ  confiderably  from  the  theoretical  de- 
terminations ; nor  can  we  at  prefent  form  any  rules 
iufficient  to  afeertain  thofe  differences,  flnee  they  de- 
pend upon  a variety  of  fluctuating,  and  not,  as  yet, 
fully  afeertained  caufes.  If  the  reader  be  defirous 
of  examining  the  fubjedt  ftill  farther,  he  may  con- 
fide the  works  that  are  mentioned  in  the  none  *. 


makes  the  angle  E C G with  the  diredtion  of  the  water,  of 

5+°.44'-8". 

For  the  fame  reafons  fuch  muff  like  wife  be  the  angles 
BED,  A C D,  fig.  6.  Plate  XI.  which  the  gates  of  the 
lock  C D E make  with  the  fides  of  the  canal  A C B E,  in 
order  that  they  may  fuftain  the  greateft  prefiure  they  are  ca- 
pable of,  from  the  water  on  the  fide  A CD  E B. 

Archimedes  de  infidentibus  humido.  Mariotte  on  the 
motion  of  water  and  other  fluids.  Lamy  de  Fequilibre  des 
liqueurs.  Newton’s  principia.  Gulielmini’s  menfura  aqua- 
rian fiuentium.  Gravefand’s  phil.  Muffchenbrock’s  phi!. 
Switzer’s  hydro fK  V arignon’s  differt.  in  the  Mem.  Acad. 
Scien.  The  works  on  fluids  of  Belidor,  Defoguliers,  Clare, 
Emerfon,  BofTu,  D’Aiambert,  Buat,  &rc.  De  Prony’s 
Architect.  Hydraulique.  The  report  /if  the  committee  of 
the  Society  for  the  Improvement  of  Naval  Architecture. 
London  1794.  Venturi’s  experimental  enquiries  on  the 
*ateial  communication  of  motion  in  fluids.  Phil.  Tr.  &c. 
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1 14  Of  the  Attiom  of 

I fhall  conclude  this  chapter  by  an  obfervation 
relative  to  the  fituation  of  the  floating  bodies  thern- 
felves. 

It  is  of" great  confequence  in  naval  architecture,  in 
navigation,  &c.  to  determine  not  only  the  quantity 
of  a given  floating  body,  which  will  remain  im- 
merfed,  and  that  which  will  remain  out  of  the  fluid  ; 
but  likewife  the  pofltion  in  which  that  body  will 
place  itfelf.  The  full  examination  of  this  fubjebt 
would  require  a great  many  more  pages  than  we  can 
conveniently  allot  to  it ; we  fhall  therefore  briefly 
mention  the  two  general  principles  only,  upon  which 
the  fubjedt  depends  *. 

i ft.  A floating  body  will  remain  at  refl  upon  a fluid , 
with  that  part  of  its  fur  face  downwards  which  lies 
near  eft  to  its  centre  of  gravity ; hence  an  homogene- 
ous fphere  will  remain  with  that  part  of  its  furface 
downwards,  with  which  it  happens  to  be  firfl  fituated 
in  the  fluid  ; for  the  centre  of  gravity  of  a fphere  is 
equally  diftant  from  every  point  of  the  furface.  And 
a cylinder  will  reft  with  its  axis  parallel  to  the  furface 
of  the  fluid,  &c. 

cd.  When  a body  floats  upon  a fluid , and  remains  at 
reft  thereon , then  the  centre  of  gravity  cf  the  part 
immerfed  will  lie  perpendicularly  under  the  centre  of 
gravity  cf  the  part  which  remains  out  cf  the  fluid.  — 
For  if  you  imagine  that  the  body  js  divided  into 


* See  Archimedes’  mafterly  work,  De  Lfdentibus  Hu- 
nt ido. 


two 
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two  parts,  even  with  the  furface  of  the  fluid  ; it  is 
evident  that  if  the  upper  part  be  removed,  the  lower 
part  will  afcend  a little  ; and  on  the  other  hand,  if  the 
lower  part  be  removed,  the.  upper  will  defcend  a 
little  into  the  fluid  ; therefore  thofe  two  endeavours 
counterad  each  other.  And  that  they  counteract 
each  other  in  the  fame  perpendicular  line  palling 
through  their  centres  of  gravity,  is  alfo  evident;  for 
otherwife  the  upper  part  would  defcend  on  one  fide, 
and  the  lower  would  afcend  on  the  other ; that  is, 
the  body  would  not  remain  at  reft,  which  is  contrary 
to  the  fuppofidon*. 


* Upon  this  confideration  it  may  be  eafily  conceived  that 
any  body,  regular  or  irregular,  might  remain  with  that  part 
of  its  furface  which  is  neared:  to  its  centre  of  gravity,  out  of 
the  fluid  (contrary  to  the  firft  principle)  provided  that  centre 
and  the  centres  of  gravity  of  the  two  parts  ; viz.  of  that 
within,  and  ot  that  without  the  fluid,  flood  in  the  fame 
perpendicular  line.  But  the  difficulty  of  placing  and  of 
preierving  them  in  that  line  is  fo  very  great,  that  this  cafe 
jnay  well  be  reckoned  impra&icable. 


[ **6  ] 


CHAPTER  V. 

OF  THE  ATTRACTION  OF  COHESION,  OR  CAPILLARY 
ATTRACTION  j AND  OF  THE  ATTRACTION  OF 
AGGREGATION. 

BEFORE  we  proceed  any  farther  in  the  enu- 
meration of  the  phenomena  which  relate  to 
the  motion  of  fluids,  it  will  be  neceflary  to  lay  down 
the  refults  of  the  principal  experiments  which  have 
been  made  concerning  the  attraction  of  cohefion,  as 
alfo  of  aggregation,  and  tc  explain  them  in  the  beft 
manner  we  are  able ; for  by  this  means  the  reader 
will  in  feme  meafure  be  enabled  to  comprehend  how 
far  thele  attradions  are  concerned  in  the  movements 
of  fluids,  and  how  it  happens  that  the  actual  mo- 
tions of  fluids  through  pipes,  channels,  holes,  &c. 
are  confiderably  different  from  thofe  which  might 
be  derived  from  the  general  theory  of  motion. 

The  attraction  of  aggregation,  is  that  which  takes 
place  amongft  the  homogeneous  particles  of  the 

fame  fort  of  lubftance  ; and  the  attraction  of  cohefion, 

» 

is  that  which  takes  place  between  the  particles  of 
heterogeneous  bodies.  See  the  latter  part  of  chap.  I. 
and  the  beginning  of  chap.  II.  of  the  prefent  part. 
— The  principal  fads  which  have  been  obferved  re- 
latively to  thole  atrradions,  are  as  follows. 

J.  The  particles  cf  water  at t raft  each  other , 

The  globular  form  of  the  drops  of  rain  ; the  rim- 
ing of  two  drops  of  water  into  each  other,  when  they 

are 
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are  laid  fo  near  as  to  touch,  and  a variety  of  other 
phenomena,  render  this  attraction  very  manifeft. 

II.  There  is  an  attraction  between  water  and  glafs , 
which  is  increafed  by  cold,  and  diminifhed  by  heat ; but 
is,  cater  is  paribus , proportionate  to  the  quantity  of  the 
furface  of  contact. 

If  the  breath  from  the  mouth  be  thrown  upon  a 
glafs  plate,  it  will  be  found  to  adhere  to  it  longer  in 
cold,  than  in  hot,  weather. 

If  a drop  of  water  be  laid  upon  glafs,  it  will  pre- 
ferve  a convex  lurface  on  the  fide  fartheft  from  the 
glafs,  but  on  the  neareft  fide  it  will  adapt  itfelf  to 
the  furface  of  the  glafs,  and  will  adhere  to  it  with  a 
certain  degree  of  force  ; but  if  the  fame  drop  be 
fpread  over  the  furface  of  the  glafs,  it  will  then  lofe 
its  convex  furface,  and  will  adhere  to  the  glafs  with 
much  greater  force,  as  may  be  proved  by  endea- 
vouring to  fhake  it  off  in  both  cafe?.  By  the  dif- 
perfion,  the  particles  of  water  are  placed  much  far- 
ther from  each  other,  hence  their  mutual  attraction 
is  diminifhed  ; and  on  the  other  hand  the  attraction 
between  the  water  and  the  glafs  is  increafed  by 
having  augmented  the  furface  of  contaCt. 

In  either  of  thole  cafes  the  water  is  attracted  by 
the  glafs  on  one  fide  only.  But  if  another  piece  of 
glafs  be  placed  facing  the  former,  and  in  contaCt 
with  the  film  of  water,  then  the  water  will  be  at- 
tracted and  retained  with  greater  force  ; and  if  the 
v.  ater  be  encompalfed  on  every  fide  by  glafs,  as  if  it 
be  enclofcd  in  a narrow  glafs  tube,  then  the  attract 

1 3 
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t:on  will  be  ftronger  ftill,  becaufe  the  quantity  of 
contact  in  proportion  to  the  quantity  of  water,  is 
thereby  confiderably  increafed.  By  this  means  the 
at  rad  ion  is  rendered  fo  very  manifeft,  that  the  de- 
nomination of  capillary  attraction  has  been  fuggefted 
by  this  more  ufual  mode  of  trying  fuch  experi- 
ments ; which  is  by  means  of  tubes,  whofe  bore  is 
about  as  fine  as  a hair}  which  in  Latin  is  called 
capillus. 

Put  fome  water  in  a glafs  veffel,  as  in  fig.  7. 
Plate  XI.  and  near  the  furface  of  the  glafs  the  water 
will  be  found  to  rife  a little  way,  forming  a curve, 
as  at  A and  B. — The  like  effed  will  take  place  if 
you  dip  part  of  a piece  of  glafs  in  water,  as  at  C 
and  D. — This  effed  may  be  explained  in  the  fol- 
lowing manner. 

Let  AB,  fig.  8.  Plate  XT.  reprefent  a fedion  of  the 
furface  of  a piece  of  glafs,  having  its  lower  part  im- 
merfed  in  the  water  BC.  Imagine  this  furface  to  be 
divided  into  a number  of  indefinitely  finall  parts  a,  b> 
c}  d}  die.  Then  the  part  a , next  to  the  furface  of  the 
water  B C,  will  raife  a quantity  of  water  propor- 
tionate to  its  attradive  force  ; but  this  quantity  of 
water  is  thereby  brought  nearer  to  the  part  b of  the 
glafs,  and  is  therefore  attraded  by  it,  whilft  another 
quantity  of  water  takes  its  place  next  to  a.  Agairq 
the  fir  ft  quantity  of  water  being  raifed  to  b,  is 
brought  nearer  to  the  part  c of  the  glafs,  hence  it  is 
attraded  by  it,  and  is  raifed  to  the  place  c,  whilft 
the  quantity  of  water  at  a takes  its  place,  and  an- 
7 other 
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other  quantity  of  water  comes  to  the  place  tf,  and 
fo  forth. 

In  confequence  of  this  attraClion,  the  water  ought 
to  form  a film  equally  thick,  or  the  quadrilateral 
figure  ghas,  on  the  furface  of  the  glafs.  But  it  muft 
beconfidered,  that  befides  the  attraction  towards  glafs, 
the  water  is  poflelled  of  the  attraction  of  aggregation ; 
viz.  of  che  attraction  of  its  particles  towards  each  other ■, 
in  confequence  of  which,  when  the  firft  quantity  of 
water  has  been  railed  to  the  place  a,  another  quan- 
tity of  water  s is  kept  fufpended,  in  confequence  of 
the  attraction  of  water  to  water,  between  the  water 
at  a,  and  the  water  B C.  When  the  glafs  has  at- 
tracted the  water  to  b , the  part  s will  be  enlarged 
into  t 2,  becaufe  the  two  quantities  of  water,  a and 
b,  can  keep  fufpended  a greater  portion  of  water, 
than  the  quantity  a by  itfclf.  Thus  the  water  will 
afeend  along  the  furface  of  the  glafs,  and  will  re- 
main adhering  thereto,  in  fuch  quantity  as  to  form 
a counterpoife  to  the  attraction  of  the  glafs  ; viz. 
the  preflure  of  the  water  thus  raifed,  and  the  attrac- 
tion between  it  and  the  water  B C,  are  all  together  a 
counterpoife  to  the  attraction  of  the  glafs. 

i ne  real  afeent  of  the  water,  which  in  fin;.  8.  has 
been  enlarged  for  the  fake  of  illuftration,  when  the 
glafs  is  either  flat,  or  not  much  bent,  feldom  exceeds 
one  tenth  of  an  inch.  But  this  altitude  is  increafed 
or  diminifhed  by  a variety  of  circumftances  ; viz.  by 
the  temperature  and  purity  of  the  water,  by  the  qua- 
lity of  the  glals,  and  mofirly  by  the  polilfi  and  clean  - 
linefs  of  its  furface. 

1 4. 


Place 
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Place  a glals  bubble  A (chat  is,  an  empty  glafs 
ball)  fig.  1 6.  Plate  XI.  in  a glafs  veffel  not  quite 
full  of  water.  This  bubble  will  float  on  the  furface 
of  the  water,  and  it  will  be  found  to  run  fpontaneoufly 
towards  the  fide  of  the  veffel,  as  at  B,  to  which  it 
will  adhere  with  a certain  force  ; provided,  how- 
ever, the  bubble,  on  being  laid  upon  the  water, 
be  not  fituated  too  fa.’'  from  the  fides  of  the 
veffel. 

This  effeCt  is  owing  to  the  attraction  of  the  ele- 
vated water  on  the  fide  of  the  veflel,  and  that  on  the 
furface  of  the  bubble.  Thus  the  water  at  i is  at- 
tracted both  by  the  water  at  s and  by  the  water  at  d} 
which  tends  to  bring  thole  three  parcels  of  water 
together,  and  of  courfe  the  glafs  bubble  alfo,  which 
adheres  to  the  water  d.  And  this  attraction  grows 
flronger  and  ftronger  in  proportion  as  thofe  points 
come  nearer  to  one  another. 

It  is  for  the  fame  reafon  that  if  two  glafs  bubbles 
be  placed  upon  water,  at  no  great  diftance  from 
each  other,  they  will  run  towards  each  other,  and 
will  adhere  with  a certain  degree  of  force. 

If  the  glafs  veffel  be  filled,  fo  that  the  water  may 
projcCt  above  the  edge  of  the  veffel,  and  a glafs 
bubble  be  then  laid  upon  it,  as  in  fig.  17.  Plate  XI. 
the  bubble  will  be  found  to  recede  from  the  fides  of 
the  veffel.  In  this  cafe  the  elevated  water  a , which 
is  contiguous  to  the  fide  A,  is  attracted  lefs  power- 
fully than  the  elevated  water  h,  by  the  water  of  the 
veffel  for  on  account  of  the  convexity  at  A,  the 


water 
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water  between  A and  a , is  not  fo  near  to  the  eleva- 
tion a,  as  an  equal  furrace  of  water  on  the  other 
fide  of  the  bubble,  is  to  the  elevation  h. 

III.  The  perpendicular  rife  cf  water  in  glafs  tides  is 
inverfely  as  the  diameter. — f glafs  tubes  opened  at 
both  ends,  be  imrrierfed  with  their  lower  apertures 
in  water,  as  in  fig.  9 Plate  XI.  the  water  will  in- 
ftantly  rife  fpontaneoufiy  into  their  cavities,  and  it 
has  been  found  that  it  will  rife  higher  in  narrower 
than  in  larger  tubes,  by  as  much  as  the  diameter  of 
the  lamer  tube  exceeds  that  of  the  fmaller  ; the  al- 

O 

' titude  in  a tube  of  one  hundredth  part  of  an  inch 
(viz.  0,01)  in  diameter,  being  about  5,3  inches. 
Therefore  in  a tube  of  0,02  in  diameter,  the  alti- 
tude of  the  water  will  be  the  half  of  5,3,  viz.  2,65 
inches  in  diameter.  Alfo  in  a tube,  whofe  diameter 
is  o,t  of  an  inch  (or  ten  times  c,oi)  the  altitude  of 
the  water  will  be  the  tenth  part  of  5,3  ; viz.  0,53  of 
an  inch  ; and  fo  forth  *. 

Divers 


* Since  the  diameters  of  the  tubes  are  inverfely  as  the  al~ 
titudes  cf  the  water  within  their  cavities,  if  you  call  the  dia- 
meters D,  dy  and  the  altitudes  of  the  water  A,  rf,  it  will  be 
D : d : : a : A ; whence  AD  — a d\  that  is,  the  product 
of  the  diameter  by  the  altitude  of  the  water  is  always  the 
fame,  or  the  conftant  quantity  0,053  of  an  inch  ; for  when 
the  diameter  is  0,0 1 of  an  inch,  the  water  lias  been  found  to 
rife  in  it  to  the  altitude  of  5,3  inches;  and  5,3x0,01  it 
equal  to  0,053. 


Therefore, 
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Divers  ingenious  perfons  who  have  examined 
tbofe  phenomena  of  capillary  attraction,  finding 
that  the  bulks  of  the  fufpended  pillars  of  water  are 
not  proportional  to  the  furfaces  of  glafs  with  which 
they  are  in  contaCt,  have  been  induced  to  offer 
Itrange  hypothefes,  which  were  neither  warranted 
by  analogy,  nor  could  they  account  for  the  pheno- 
mena. ' Dr.  Jurin  (Phil.  Tranf.  N.  355,  and  363) 
fuppofed  that  the  real  caule  of  the  fufpenfion  of 
water  in  tubes  is  the  attraction  of  the  fmall  annular 
portion  of  the  infide  of  the  tube,  to  which  the 
upper  furface  of  the  water  is  contiguous  and  co- 
heres. Dr.  Hamilton  (in  his  Efiays)  fuppofes  that 
the  pillar  of  water  is  fupported  by  the  attraction 
of  the  annulus  contiguous  to  the  bottom  of  the 
tube. 

In  my  opinion,  the  attraction  in  this  experiment 


Therefore,  when  you  with  to  know  how  high  will  the 
water  rife  in  a tube  of  a given  diameter,  you  need  only  di- 
vide 0,053  by  the  diameter,  and  the  quotient  exprefles  the 
altitude  in  inches,  very  nearly;  for  this  altitude  is  alfo  in- 
fluenced by  the  various  tehiperature,  by  the  nature  and  clean- 
linefs  of  the  glafs,  £:c. 

The  furface  of  a cylinder  is  as  the  product  of  the  diameter 
multiplied  by  the  axis  (or  by  the  altitude  ;)  but  it  has  been 
ibcwn  above,  that  in  the  part  of  the  tube  which  is  occupied 
by  the  water,  the  product  of  the  diameter  by  the  altitude  is  a 
conftant  quantity  ; therefore  the  furface  of  the  glafs.  which 
is  in  contact  with  fuch  a pillar  of  water,  is  likewife  a con- 
ftant quantity. 


IS 
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is  proport'onate  to  the  whole  furface  of  the  glafs* 
which  is  in  coutaCt  with  the  coin  nn  of  water  ; (for 
every  point  or  particle  of  that  furface  is  endowed 
with  an  equal  attractive  power)  and  the  prdlure  of  , 
the  fufpended  water  is  equivalent  to  it ; or  it  is  a 
counterpoife  to  it.  Without  attempting  to  deter- 
mine the  dilfance  from  the  furface  of  the  glafs  to 
which  the  attractive  power  may  reach,  it  is  clear 
that  a film  of  water  of  a certain  thicknefa  mpft  be 
within  that  attractive  power  all  round  the  infide  fur- 
face  of  the  tube,  as  high  as  the  top  of  the  pillar; 
but  the  reft  of  the  water  which  fills  up  the  cavity  of 
the  tube,  is  attached  to  that  film,  and  is  kept  fuf- 
pended by  ir,  in  conlequence  of  the  attraction  of 
water  to  water;  yet  the  whole  column  of  water  is 
kept  up  by  the  attraction  of  the  glafs,  and  is  a coun- 
terpoife to  that  force. 

Thus  if  a piece  of  iron  be  fufpended  to  a mag- 
net, in  virtue  of  their  mutual  attraction,  and  a piece 
of  lead  is  fattened  to  the  iron  ; it  is  evident  that 
though  the  magnet  has  no  attraction  whatever  to- 
wards the  lead ; yet  the  piece  of  lead  and  iron  toge- 
ther are  kept  up  by  the  attractive  force  of  the 
magnet,  and  form  a counterpoife- to  it;  hence,  if 
the  weight  of  the  lead  be  ipereafed  beyond  a 
certain  degree,  the  whole  will  drep  off  from  the 
magnet. 

In  the  like  manner  the  prefiure  of  the  column  of 
water  n the  tube  is  equivalent,  or  it  is  a counter- 
puiie,  to  the  attractive  force  of  the  furface  of  ;he 
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glafs,  which  is  in  contaT  wi  ll  it;  and  of  courfe  it' 
is  proportionate  to  that  furface.  But  in  eftimating 
the  quantity  of  that  counterpoife,  or  of  the  p refill  re 
of  the  column  of  water,  we  muft  take,  befides  the 
quantity,  the  altitude  alfo,  into  the  account  ; be- 
caufe,  cateris  paribus,  fluids  prefs  in  proportion  to 
their  perpendicular  altitudes;  and  when  the  bale 
varies,  or  in  different  cylindrical  pillars,  the  preflures 
are  as  the  products  of  the  quantity  of  matter  by  the 
altitude  of  each  pillar  refpedtively.  Therefore  the 
prdTure  of  the  pillar  of  water  in  a glafs  tube,  which 
is  a counterpoife  to  the  attraction  of  the  glafs,  is 
the  product  of  the  quantity  of  water  by  the  altitude  ; 
and  in  cylindrical  tubes,  this  produdt  is  always  pro- 
portional to  the  furface  of  glafs  in  contact  with 
the  water*.  Tins  may  be  rendered  more  intelligi- 
ble  by  means  of  an  example. 

Let  the  infide  diameter  of  a tube  BC,  fig.  12. 
Plate  XI.  be  double  that  of  the  tube  D F ; then  the 
pillar  of  water  F E will  be  two  inches  high  when 
tire  pillar  AC  is  one  inch  high.  Since  the  contents 
of  cylinders  of  the  fame  altitude  are  as  the  fquares 
of  their  refpedlive  diameters,  end  their  lurfaces  are 


* It  has  been  (hewn  in  the  preceding  note,  that  the  furface 
of  the  glafs  tube  which  is  in  contact  with  the  pillar  of  water, 
is  a conftant  quantity;  therefore  the  product;  of  the  quantity 
of  water  by  the  altitude  of  the  | illar,  mull  likewile  be  a 
conftant  quantity;  fince  it  is  as  the  above  mentioned  fur- 
face. 1 
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Amply  as  their  diameters,  it  is  eafily  calculated  that 
if  the  quantity  of  water  in  the  pillar  E F weighs 
2 grains,  that  of  AC  mull  weigh  4 grains,  and 
likewife  that  the  furface  of  glafs  in  contact  with  the 
pillar  of  water  EF,  is  equal  to  the  furface  of  glafs 
which  is  in  contafl  with  the  pillar  ot  water  AC  ; 
whence  at  firft  fight  it  fliould  feem  that  thole  equal 
furfaces  ought  to  keep  fufpended  equal  quantities  of 
water,  whereas  the  quantity  of  water  EF  is  the  half 
of  the  quantity  of  water  AC  ; but  the  pillar  of  water 
EF  is  as  high  again  as  the  pillar  AC;  hence  its 
prefiure  which  is  equal  to  the  product  ol  the  quan- 
tity of  water  by  the  altitude  (viz.  2 grains  by 
1 inches)  is  equal  to  the  prefiure  or  the  column 
AC,  viz.  to  the  product  of  4 grains  by  one 
inch. 

The  above-mentioned  phenonienaof  the  attraction 
of  cohefion  fhew,  that  what  has  been  mentioned  in 
the  preceding  chapter  concerning  the  rife  of  water 
to  the  fame  level  in  different  pipes,  which  commu- 
nicate together,  is  not  ftridlly  true.  Indeed,  when 
the  pipes  are  larger  than  an  inch  in  diameter,  the 
difference  of  the  altitudes  becomes  infenfible.  But 
with  narrower  pipes  of  different  diameters,  the  water 
may  be  plainly  perceived  to  Rand  higher  in  the 
fmaller  than  in  the  larger  pipes. 

IV.  If  a tube  ccnfftcf  two  cylinder  s^oiz.  of  the  narrow 
fart  FT  }fg.iy.  P/.  X I . whofe  diameter  is  equal  to  that  of 
the  tube  A B,  wherein  the  water  would  rife  to  the  heigh 
A B ; and  of  the  larger  fart  C D,  whofe  diameter  is 
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equal  to  that  of  the  tube  GI  T,  wherein  the  water  would 
rife  to  the  height  G H ; and  if  this  compound  tube  be 
placed  with  the  narrow  aperture  in  water , as  at  F, 
the  water  will  not  rife  in  it  higher  than  the  altitude 
G H,  viz.  to  the  fame  altitude  to  which  it  'would  rife 
if  the  tube  were  an  uniform  cylinder  of  the  diameter  of 
the  large  part . 

Here  it  might  be  expected  that  the  water  would 
rife  higher  chan  D G ; but  it  mull  be  confidered  that 
though  the  produCt  of  the  pillars  of  water  EF  by 
its  altitude,  is  lefs  than  a juft  ccunterpoife  to  the  at- 
traction of  the  lurface  E F of  the  glafs  ; yet  the 
overplus  of  attraction  of  that  furface,  inftead  of 
afhfting  to  fupport  the  water  in  C E,  will  operate  in 
a contrary  way;  that  is,  if  we  reckon  the  attraction 
of  the  furface  EF  equal  to  io,  and  if  the  preffure 
of  the  pillar  of  water  in  it,  be  equal  to  8 ; then 
tire  two  remaining  parts  of  attractive  power  will 
tend  to  draw  the  water  from  the  bafon,  as  much  as 
from  the  cavity  D E,  towards  the  furface  E F ; fo 
that  by  the  addition  of  the  narrow  tube  EF,  the  at- 
traction of  the  larger  part  DI  is  diminifhed;  at  the 
fame  time  that  the  water  in  it  is  partially  fupported 
by  what  may  be  called  its  perforated  bale  I E. 

V.  If  a compound  tube,  confifting  of  a larger  part 
LN,  fg.  14.  Plate  XI.  wherein  the  water  woidd 
rife  fpontaneoufly  to  the  altitude  M.  and  of  a narrower 
part  OK,  equal  in  diameter  to  the  tube  A B,  wherein 
the  water  would  rife  to  the  height  A B ; be  filled  with 
water  as  high  as  K,  and  then  be  placed  with  the  large, 

aperture 
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aperture  in  water  as  at  N,  the  whole  quantity  of  water 
will  remain r fufpended , filing  the  whole  of  the  la) gc  tnoe 
and  part  of  the  narrow  one.  The  fame  thing  will  atfo 
take  place  with  a veffel  of  any  Jh ape,  as  P QJ>, pro- 
vided its  upper  part  be  drawn  into  a narrow  cylinder , 
equal  in  diameter  to  the  tube  AB.' 

In  thofe  veflels  the  water  is  fupported  partly  by 
the  attraction  of  cohefion,  and  partly  by  the  ore  fill  re 
of  the  atmofphere.  But  not  having  as  yet  treated 
of  the  preffure  and  other  properties  of  the  at- 
mofphere, it  will  not  be  pofnble  for  the  novice  to 
underftand  at  prefent  the  action  of  that  preffure  ; I 
fball  therefore  fubjoin  the  explanation  of  the  above- 
mentioned  phenomenon  in  the  note,  for  the  imme- 
diate perufal  of  thofe  readers  who  are  otherwife 
acquainted  with  the  properties  of  the  atmofphere, 
or  of  the  novice,  on  a fecond  perufal  of  this 
work  *. 

VI.  IVater 


* That  this  phenomenon  is  occafioned  in  great  rneafure 
by  the  preffure  of  the  atmofphere,  is  evident  from  the  follow- 
ing obfervations  ; firlf,  becaufe  the  water  will  not  rife  fpon- 
taneouflv  into  the  vciTels  ON,  PS,  to  the  height  K and 
P ; and  fecondly,  becaufe  if  thofe  veflels,  full  of  water  as 
high  as  P,  K.  together  with  the  bafon,  be  placed  under  the 
receiver  of  an  air-pump,  on  exhaufling  the  receiver  of  air 
(viz.  on  removing  the  preffure  of  the  atmofphere),  the  water 
will  delcend  in  them,  and  will  remain  in  them  only  as  hi;;h 
as  it  would  afcend  fpontaneoufly  ; whereas  all  ‘the  preceding 
phenomena  ot  capillary  attraction,  or  of  attraction  or  co- 

hefion 
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VI.  II  'aler  rifes  between  contiguous  gh.fs  plates 
and  follows  the  fame  law  as  it  does  with  tubes  ; 

namely , 


hcfion,  and  likewife  all  the  others  which  are  related  in  this 
chapter,  will  anfwer  as  well  in  vacuo  as  in  air  ; uni  el's  the 
contrary  be  mentioned. 

How  the  water  comes  to  be  fupported  in  thofe  veflels, 
partly  by  the  attraction  and  partly  by  the  atmofphere,  will 
be  ihewn  by  the  following  example  and  calculation: 

A column  of  water  of  about  3 2 feet  perpendicular  alti- 
tude, is  a counterpoife  to  a column  of  air  of  the  altitude  of 
the  whole  atmofphere.  Therefore,  if  the  perpendicular 
height  of  the  water  in  the  vefiel  PQS,  be  one  foot,  its  prelTure 
will  be  equal  to  the  32d  part  of  the  preflure  of  the  at- 
mofphere ; hence  the  atmofphere  prefi'es  on  the  aperture  of 
the  tube  P,  with  one  32d  part  of  its  power  ; (lince  the  pref- 
fure of  the  atmofphere  at  the  aperture  Q_S,  whb  h otherwile 
would  exactly  counteract  the  preflure  at  P,  is  diminilhed  by 
the  prelTure  of  the  water  in  the  velTel  P Q_S  ;)  and  unlefs  the 
air  comes  in  at  the  aperture  P,  the  water  will  not  defcend 
in  the  vc-flel.  Now  let  us  fuppofe  that  the  diameter  of  the 
aperture  P be  0,004  °1  an  inch  > for  rnult  be  of  about 
that  f:ze  when  the  perpendicular  altitude*  PQ_of  the  water 
is  one  foot.  The  prelTure  of  the  atmofphere  upon  a fquare 
inch  has  been  found  to  be  about  equal  to  the  weight  of  14 
pounds,  or  224  ounces,  or  08036  grains;  but  the  area 
cr  aperture  P,  vvhofe  diameter  is  0,004  of  an  inch, 
is-  0,0  COX256  of  an  inch  ; therefore,  by  the  rule  of  pro- 
f ortioii,  we  fay,  as  one  fquare  inch  is  to  the  area  o,cocoj2j;6; 
lo  is  the  preflure  of  the  atm:  f( here  upon  a fquafe  inch  (viz. 
98056  grains)  to  the  preflure  of  the  atmofphere  on  the 
area  0,00301 256.  And  multiplying  98056  by  0,00001256, 


we 
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namely y the  altitudes  are  inverfely  as  the  dijlances  of 
the  plates. 

If  the  glafs  plates  be  parallel  to  each  other,  and 
be  placed  with  their  lower  edges  in  water,  the  water 
will  rife  between  them,  and  will  remain  fufpended 
at  a certain  height.  This  height  is  not  fo  great  as 
that  of  the  water  in  a glafs  tube,  whofe  diameter  is 
equal  to  the  diftance  between  the  two  plates ; and 
that  for  an  obvious  reafon  ; namely,  becaufe  in  the 


we  obtain  the  product  1,23158336,  viz.  little  more  than 
one  grain,  which  is  the  entire  preffure  of  the  atmofphere  on 
the  furface  of  the  water  in  the  tube  at  P.  But  it  has  been 
Ihewn  above,  that  the  atmofphere  preffes  upon  that  furface 
with  only  the  3211  part  of  its  entire  force  ; therefore  we  muft 
divide  1,23158336  by  32,  and  the  quotient  0,03848698,  or 
T5aUthi  of  a grain,  nearly,  is  the  real  and  atffual  preffure  of  the 
atmofphere  on  the  furface  of  the  water  at  P ; and  this  trifling 
preffure  will  be  eafily  allowed  not  to  be  fufficient  to  overcome 
the  attraction  between  the  water  and  the  furface  of  the  tube 
P : hence  the  water  remains  fufpended  in  the  veffels  P QJS, 
or  ON. 

This  explanation  is  corroborated  by  the  following  experi- 
ment.— Fill  the  veflel  O N,  or  P QJ5,  not  entirely,  but  only 
up  to  the  height  T ; which  is  done  by  lowering  them  in  the 
water  of  the  bafon ; and  in  that  fituation  touch  the  aper- 
ture O,  or  P,  with  a wet  finger,  fo  as  to  introduce  a little 
water  into  it.  Then  if  the  veffel  be  drawn  up,  leaving  its 
lower  aperture  only  in  the  water  of  the  bafon  ; the  column 
of  water  T N,  or  T Q_,  will  remain  fufpended  in  it,  though, 
there  is  no  communication  whatever  between  the  water  at  T, 
and  the  water  in  the  capillary  aperture. 

Vol.  II.  k tube 
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tube  the  water  is  furrounded  by  glafs  on  every  fide; 
yet  the  proportion  is  the  fame,  that  is,  in  two  or 
more  pairs  of  glafs  plates,  the  altitudes  of  the  water 
are  inverfely  as  the  diftances  of  the  plates  ; and  that 
for  the  fame  reafon  as  in  glafs  tubes.  A CDF,  and 
BCDE,  fig.  1 1.  Plate  XI.  reprefent  two  flat  glafs 
plates,  placed  fo  as  to  form  a fmall  angle  A C B, 
and  immerfed  with  their  lower  edges  in  water.  The 
water  will  be  found  to  rife  between  them,  and  to 
remain  fufpended  in  the  fpace  EFCDE,  the  outer 
edge  of  which,  EEC,  being  a curve  called  an  hy- 
perbola. One  extremity  of  this  curve  riles  as  high 
as  the  upper  part  of  the  glafs  plates  at  C,  and  the 
other  extremity  reaches  as  far  as  the  edges  of  the 
glafles  contiguous  to  the  water  of  the  bafon  at  F 
and  E. 

The  water  between  thofe  plates  rifes  higher  near 
the  fide  C D,  and  lower  at  a diftance  from  it.  In 
fhort,  at  any  diftance  from  CD,  as  at  ah , c d,  ef 
the  water  rifes  as  high  as  it  would  rife  between 
parallel  plates,  whole  diftance  from  each  other 
equalled  the  diftance  between  the  plates  of  fig.  n. 
at  any  of  thofe  particular  places.  Therefore  the 
altitudes  of  the  water  at  dilferent  diftances  from  CD, 
are  inverfely  as  the  diftances  between  the  two  plates 
at  thofe  places  ( i.) 

A BCE, 


( i ■ ) In  fig.  13.  Plate  XI.  (which  reprefents  the  fame  eleva- 
tion of  water  which  is  reprefentcd  in  fig.  11.)  any  two  or 


more 
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ABCE,  fig.  10.  Plate  XI.  are  two  flat  glafs 
plates,  forming  a fmall  angle  with  each  other,  like 
thofe  of  the  preceding  figure;  the  lowermoft  of 
which  is  placed  fo  as  to  form  a fmall  angle  with  the 
horizon,  having  the  edge  AB  a little  elevated. 
Thofe  plates  may  be  kept  feparate  at  E C,  by  the 
interpofition  of  a bit  of  wax,  or  other  fmall 
body. 

If  a drop  of  water  be  introduced  between  thofe 
plates  at  EC,  fo  as  to  touch  both  plates,  this  drop 
will  be  leen  to  move  fpontaneoufly  towards  the 
upper  part  of  the  glafs  plates,  as  far  as  the  edge 
AB. — It  will  enfure  the  fuccefs  of  the  experiment, 
if  the  inner  furfaces  of  the  glafles  be  previoufly 
damped  with  water. 


more  altitudes  of  water,  as  a and  c d , are  inverfely  as  the 
diftances  b t,  d /,  between  the  two  plates  at  thofe  places  , 
viz.  a b : c d : : di  : b t : : (by  the  fimilarity  of  the  triangles 
Dbt , D di-,)  Di:  Di;  and  this  is  the  property  of  the 
common  hyperbola,  whofe  afymptotes  are  the  edge  C D of 
the  glafles,  and  the  line  DS,  where  the  glafs  plate  cuts  the 
furface  of  the  water  in  the  veflel  G. 

It  is  evident  that  the  water  muft  rife  as  high  as  the  apex  C 
whatever  be  the  altitude  of  the  plates,  fince  near  the  edge 
C D the  glafs  plates  come  infinitely  near  to  each  other. 

If  the  glafs  plates,  inftead  of  being  flat,  be  bent  more  or 
lefs,  then  the  edge  of  the  water  which  rifes  between  them 
will  not  be  an  hyperbola,  but  it  will  vary  according  to  the 
curvature  of  the  plates.  See  Ditton’s  Difcourfe  on  the 
new  law  of  fluids, 
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The  drop  of  water  will  move  towards  the  edge 
AB,  even  againft  the  direction  of  its  gravity,  be- 
caufe  the  attraction  of  the  glafies  towards  the  drop 
is  ftronger  where  the  plates  are  clofer  to  each  other, 
as  at  d}  than  where  they  are  farther  afunder,  as  at  e ; 
fo  that  the  drop  at  o is  attracted  more  powerfully  to- 
wards d,  than  towards  e. 

If  the  fide  AB  be  gradually  raifed  higher  and 
higher  above  the  horizon,  whilft  the  drop  -is  mov- 
ing j the  latter  will  be  feen  to  move  flower  and 
flower  towards  AB,  until  at  laft  the  gravity  of  the 
drop  balances  the  attraction  of  the  glafies,  and  the 
water  remains  at  reft.  After  which,  if  the  edge  A B 
be  raifed  flill  higher,  the  weight  of  the  drop  being 
greater  than  the  attraction  of  the  glafs,  will  force  it 
to  defcend  towards  C E. 

The  preceding  phenomena  of  attraction  take  place 
not  only  between  glafs  and  water,  but  likewife  be- 
tween almoft  every  fluid  and  every  folid ; even  be- 
tween fluids  and  fluids,  or  folids  and  folids.  A con- 
fiderable  difference  is  however  oceafioned  by  the 
different  degrees  of  force  with  which  the  particles  of 
each  body  attraCt  either  one  another,  or  thofe  of  an- 
other body. 

Thus  the  attraction  of  water  to  glafs  is  greater 
than  the  mutual  attraction  of  its  own  particles ; it  is 
alfo  greater  than  that  of  any  other  fluid  towards 
glafs,  not  excepting  even  the  fpirituous  liquors, 
which  are  fpecifically  lighter  than  water  j hence  w'ater 

rites 


Of  the  Attraction  of  Cohefion , (Ac.  133 
riles  higher  in  capillary  glals  tubes,  than  any  other 
iiqu  >r. 

Mercury  on  the  contrary  is  pofiefTed  of  a much 
greater  degree  of  attraction  amongft  its  own  parti- 
cles, than  towards  glafs  ; and  it  is  owing  to  this  that, 
in  certain  cales,  there  feems  to  be  a repuifion  be- 
tween thole  two  fubftances. 

It  is  owing  to  th  s attraction  of  cohefion  or  capil- 
lary attraction,  that  water  riles  through  the  fine 
vdicls  of  wood,  and  afcends  to  the  tops  of  the  highelt 
trees;  — that  it  infinuates  itfelf  through  the  pores 
of  certain  tones,  through  land,  fugar,  fait,  &c. — 
and  that  in  damp  weather,  (when  the  air  depolites  a 
great  deal  of  wacer)  wood,  glue,  ropes,  linen,  paper, 
parchment,  falts,  &c.  imbibe  the  water,  and  are 
thereby  fwelled,  moiftened,  foftened,  and  fome  of 
them  actually  diffolved. 

It  is  in  confequence  of  this  attraction  that  metals 
in  a fluid  Hate  rife  and  fpread  themfelves  between 
the  contiguous  furfaces  of  other  metals  that  are  in 
a folid  Hate.  And  this  indeed  is  the  foundation  of 
the  art  of  folderlng  metals.  Hence  alfo  mercury 
readily  infinuates  itfelf  through  the  pores  of  gold 
and  tin  ; for  the  particles  of  mercury  attract  one 
another  much  lefs  than  they  do  thofe  of  gold  or 
tin. 

In  fhort  almoft  all  the  innumerable  phenomena 
that  are  obferved  in  the  common  procefles  of  na- 
ture, in  the  arts  and  in  chemiftry,  depend  upon 
thole  two  forts  of  attraction,  and  their  various 
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degrees  in  different  bodies.  When  a metal  for  in- 
llance  is  diflblved  in  aqua  forth , that  effeCt  is 
owing  to  the  particles  of  the  metal  having  a greater 
attraction  for  thofe  of  the  aqua  forth,  than  for  each 
other. 

For  the  fake,  however,  of  diftinftion  and  perfpi- 
cuity,  when  the  attraction  between  two  bodies  is 
not  fo  powerful  as  to  occafion  a manifeft  change  of 
nature  in  either  of  the  bodies,  it  is  called  attraction 
of  cohefion , and  when  it  produces  a change,  it  is 
then  called  attraction  of  affinity,  or  Jpecific  at- 
traction. 

We  fliall,  therefore,  treat  of  the  attraction  of 
affinity  in  other  chapters  of  this  work,  and  fliall  con- 
fine theprefent  merely  to  the  attractions  of  cohefion 
and  aggregation. 

The  explanations  of  the  phenomena,  which  have 
been  already  deferibed  concerning  glafs  and  water, 
are  fufficicnt  to  illuftrate,  and  to  account  for,  thofe 
which  may  be  obferved  between  other  fluids  and 
glafs,  or  between  other  fluids  and  other  folids 
allowing  for  the  difference  which  arifes  from  their 
different  attractive  forces  : yet,  as  quickfilver  has  a 
much  ftronger  attraction  of  aggregation  than  of  co- 
hefion to  glafs,  it  will  be  proper  briefly  to  defcribe 
the  principal  experiments  that  have  been  made  with 
thofe  two  lubffances ; left  the  novice,  furprifed  by 
the  peculiarity  of  the  phenomena,  fliould  be  induced 
to  fuppofe  that  a repulfion  exifts  between  thofe  two 
fubftanccs. 


If 
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If  a fmall  globule  of  quickfilver  be  laid  upon 
iclean  paper,  and  a piece  of  glafs  be  brought  into 
contact  with  it ; the  mercury  will  adhere  to  it,  and 
will  be  drawn  away  from  the  paper.  If,  whillt  the 
fmall  globule  of  quickfilver  is  thus  adhering  to  the 
glafs,  a larger  quantity  of  quickfilver  be  brought  in 
contact  with  the  fmall  globule,  the  latter  will  imme- 
diately forfake  the  glafs,  and  will  incorporate  with  the 
other  quickfilver;  which  fhews  the  greater  degree  of 
attraction  between  the  particles  of  mercury  than 
between  them  and  glals : hence  it  will  be  found 
impracticable  to  fpread  the  quickfilver,  like  water, 
over  the  furface  of  glafs.  The  fmall  globule  of 
quickfilver  adheres  to  the  glafs  with  a little  flat 
furface,  which  renders  the  fhape  of  the  mercury  not 
perfectly  globular : but  this’  little  derangement  of 
fhape  rnuft  not  be  confidered  as  incompatible  with, 
the  Itrong  attraction  between  the  particles  of  the 
mercury  ; for  though  this  attraction  be  greater  than 
the  attraction  towards  the  glafs,  yet  the  latter  mutt 
produce  a proportionate  effcCt;  hence  a fmall  change 
of  fhape  ; whereas  if  water  were  ufed  in  lieu  of 
quickfilver,  the  furface  of  contaCt  would  be  much 
greater. 

Place  a pretty  large  drop  of  quickfilver  upon 
clean  paper,  and  let  two  pieces  of  glafs  touch  it  on 
oppofite  fides.  On  drawing  the  glafles  gently  from 
each  other,  the  mercury  will,  in  confequence  of  its 
adherence  to  the  glafles,  be  drawn  from  a circular 
iinto  an  oblong,  or  oval,  fhape. 
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If  quickfilver  be  pur  in  a glafs,  or  wooden,  or 
earthen  veflel  of  upwards  of  an  inch  in  width,  the 
iurface  of  the  quickfilver  will  be  horizontal  towards 
the  middle,  but  convex  towards  the  fides.  This 
all'o  is  the  cafe  when  a pretty  large  quantity  of 
quickfilver  is  laid  upon  a table,  or  on  a piece  of 
paper,  or  other  flat  Iurface  ; the  gravity  of  it  then 
exceeding  the  attraction  of  cohefion. 

If  an  iron  ball  (which  will  float  upon  quick- 
filver) be  laid  upon  it,  a depreflion  of  the  quickfilver 
will  be  obferved  all  round  the  ball,  as  in  fig.  i 8. 
Plate  XI.  and  the  ball  will  run  towards  the  fide 
of  the  veflel,  provided  it  be  not  fituated  too  far 
from  it.  Alfo,  if  two  fuch  balls  be  placed  upon 
quickfilver,  but  not  very  far  afunder,  they  will 
run  towards  each  other.  The  reafon  of  which  is, 
that  where  the  cavities  or  depreflions  of  the  quick- 
filver are  joined  ; that  is,  either  between  the  ball 
and  the  fide  of  the  veflel,  or  between  the  two  balls, 
there  the  preflure  of  the  quickfilver  upon  the  ball, 
or  balls,  k diminifhed  by  the  attraction  of  the 
quickfilver  below  ; and  of  courfe  the  balls  are  im- 
pelled that  way  by  the  fuperior  prefllne  on  the  op-- 
pofite  fides. 

If  a fmall  tube  AB,  fig.  19.  Plate  XI.  open  at 
both  ends,  be  partly  irnmerfed  in  mercury,  the 
mercury  will  be  found  to  ftand  lower  within  the 
tube  than  in  the  veflel  ; and  this  depreflion  has  been 
found  to  be  inverfely  as  the  diameters  of  the  tubes. 

Thus, 
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Thus,  if  two  tubes  are  immerfed  in  quickfilver,  and 
the  diameter  of  one  is  double  the  diametei  of  the 
other;  then  the  difference  of  perpendicular  altitudes 
between  the  furface  of  the  quickfilver  in  the  latter 
tube  and  in  the  bafon,  will  be  double  to  the  like 
difference  with  the  former  tube. 

Quickfilver  being  an  opaque  body,  it  will  be  ne- 
ceflary  to  hold  the  tube  AB  near  the  fide  of  the 
vefiel,  which  is  fuppofed  to  be  of  glafs,  in  order 
that  the  deprefllon  of  the  quickfilver  within  the  tube 
may  be  perceived. 

The  fame  thing  takes  place  between  parallel  glafs 
plates;  viz.  if  they  be  immerfed  in  quickfilver,  that 
fluid  metal  will  hand  lower  between  them  than  in 
the  red  of  the  vefiel;  and  the  deprefllon  is  like  wile 
inverfely  as  the  diftances  between  the  plates.  If  the 
plates  be  fituated  fo  as  to  form  a fmall  angle  ; 
then  the  quickfilver,  rifing  lefs  near  the  angular  edge 
than  at  a diftancc  from  it,  will  form  a curve*. 

If  a glafs  plate  be  laid  in  an  horizontal  fituation^ 
with  a largifh  drop  of  quickfilver  near  one  edge  of  it, 
as  in  fig.  20.  Plate  XI.  which  reprefents  a feddon 
ot  it,  and  another  glafs  plate,  A B,  be  laid  fo  as  to 
form  a fmall  angle  with  it,  and  at  the  fame  time  to 
comprefs  the  drop  of  quickfilver;  the  latter  will  be 
found  to  move  fpontaneoufly  towards  O,  viz.  towards 


* This  curve  is  an  hyperbola,  whole  afyrnptotes  are  the 
perpendicular  edge  or  joining  of  the  glalfes,  and  the  level  of 
the  mercury  in  the  bafon. 


the 
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the  aperture  of  the  angle,  in  order  to  recover  its 
nearly  globular  figure. 

(f  a tube  open  at  both  ends,  but  having  its  lower 
end  drawn  out  into  a fine  capillary  aperture,  be  filled 
with  quickfilver  to  the  altitude  of  about  an  inch  or 
two,  no  mercury  will  be  found  to  run  out  of  the 
lower  aperture  ; but  if  this  lower  end  be  buffered  to 
touch  other  mercury,  or  if,  by  breaking  off  part  of 
the  fmall  end,  the  aperture  be  enlarged,  then  the 
quickfilver  will  readily  run  out. 

Thofe  phenomena  with  quickfilver  are  fo  evi- 
dently dependent  on  its  having  a much  greater  at- 
traction of  aggregation  than  of  cohefion  to  glafs ; 
and  they  are  fo  evidently  fimilar,  though  in  a con- 
trary way,  to  thofe  which  take  place  between  water 
and  glafs,  that  after  the  particular  explanations  which 
have  been  given  of  thofe  with  water,  it  is  needlefs  to 
dwell  any  longer  upon  thole  with  quickfilver. 

Thefe  attractions  of  cohefion  and  aggregation 
form  a confiderable  impediment  to  the  thorough 
inveftigation  of  the  laws  of  motion  with  refpedt  to 
fluids,  as  their  influence  is  far  from  having  been  en- 
tirely afeertained.  Even  the  laws  of  equilibrium  are 
affected  by  them.  Thus  it  frequently  happens,  that  if 
two  fluids  of  different  fpecific  gravities,  like  water 
and  fpirit  of  wine,  be  mixed  together,  they  will  after- 
wards remain  mixed ; whereas  the  lighter  fluid 
ought  to  afcend.and  to  float  upon  the  heavier. 

Thus  alfb,  if  a fmall  ft  eel  needle,  clean  and  dry, 
be  gently  laid  u[  on  water,  the  needle,  though  fpeci- 
ficailv  heavier  than  water,  will  be  found  to  float  upon 


Of  the  AttraEiion  of  Cohefioiu  &c.  139 

it.  This  efFeCt  is  owing  to  the  attraction  of  the 
particles  of  water  to  each  other,  which  the  lmall 
weight  of  the  needle  is  not  diffident  to  overcome. 

O 

The  weight  of  the  needle  deprefles  the  particles 
of  water  which  are  direCtiy  under  it,  and  thele,  by 
their  adhefion  to  the  contiguous  particles,  draw  them 
alfo  below  the  ufual  level ; and  thus  a cavity  of 
confiderable  breadth  is  formed  all  round  the  needle, 
which  cavity  may  be  eafily  perceived  in  a proper 
light. 

This  effeCt  has  been  commonly  attributed  to  a 
fuppofed  repulfton  between  water  and  fteel,  which 
is  not  true ; for  though  the  particles  of  water  at- 
tract one  another  with  greater  force  than  they  do 
thofe  of  fteel  ; yet  there  is  a degree  of  attraction 
between  them  and  fteel,  which  is  fhewn  by  the 
adhefion  of  the  drops  of  water  to  iron  and  to 
fteel. 

If  any  water  happen  to  get  over  the  floating  needle 
in  the  abovementioned  experiment,  then  the  latter 
falls  immediately  to  the  bottom. 

The  different  degrees  of  the  attraction  both  of 
aggregation  and  of  cohefion  between  the  particles 
of  the  fame  fubftance,  or  of  different  fubftances, 
feem  to  form  all  the  immenfe  gradation  from  the 
mod  fluid  to  the  moft  folid  body,  whether  Ample  or 
compound.  The  dates  intermediate  between  thofe 
extremes,  are  expreflfed  by  the  various  names  of 
fluid,  clammy,  foft,  glutinous,  tenacious,  hard, 
brittle,  rigid,  &c.  But  as  thofe  names  are  inca- 
pable 
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pable  of  any  precife  definitions,  their  meanings  are 
commonly  nfed,  and  underftood  with  confidcrsble 
latitude.  The  fiate  of  a given  body  in  this  refpedt 
is  afcerlained,  either  by  obferving  the  weight  or 
force  which  is  required  to  difunite  its  parts  ; or  by 
comparing  it  with  other  bodies  ; as  when  it  is  laid, 
that  a ruby  is  fofter  than  a diamond,  but  harder 
than  the  hardetl  fteei,  becaufe  with  it  you  may 
feratch  the  Iteel  but  not  the  diamond*'. 

Various  experiments  have  been  inftituted  for 
the  purpofe  of  determining  the  force  requifite  to 


* In  the  formation  of  feveral  ftony  concretions ; in  the 
cryftallization  of  falts,  after  having  been  diiiolved  in  water; 
in  the  cooling  of  certain  metals  alter  fufion,  Sec.  a regular 
arrangement  of  parts  is  generally  obferved  ; the  particles  of 
bodies  ftiewing  a tendency  to  join  in  a particular  way.  It 
has  likewife  been  obferved,  that  in  the  formation  of  ftony 
concretions,  and  in  fome  other  proceftes,  the  flower  the  ope- 
ration is  performed,  the  harder  the  bodies  are,  which  refult 
therefrom.  Now  all  this  has  fuggefted  the  fuppolrtion  that 
the  particles  of  the  fame  fort  of  matter  have  an  attraction  to- 
wards each  other  with  certain  ends,  and  a repulfion  with  the 
oppoftte  parts.  Hence,  when  they  are  placed  in  fucha  fixa- 
tion as  mav  allow  them  to  follow  that  natural  inclination, 
viz.  when  they  are  rendered  fluid  by  heat,  or  by  folution  in 
water,  &c.  then  they  adhere  to  each  other  with  their  friendly 
parts.  Alfo  when  the  operation  proceeds  flowly,  then  the 
particles  have  more  time  to  arrange  themfelves  properly, 
and  conlcquently  form  a harder  body,  than  when  the 
operation  proceeds  more  expeditioufly.  Sec  Higgins  on 
Light. 


difunite 
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difunite  folids  from  contiguous  fluids,  to  difunite 
folids  from  contiguous  folids,  and  to  break  or  to 
difunite  the  continuity  of  a given  folid.  But  tne 
circum fiances  of  temperature,  purity  of  the  bodies, 
equality  of  fize,  furface,  &c.  render  fuch  experi- 
ments fubjeft  to  a conflderable  uncertainty  ; I fhall, 
notwithftanding,  fubjoin  fome  of  the  lefs  equivocal 
refults  of  fuch  experiments.  The  properties  of 
folids  do  not  belong  to  this  part  of  my  work ; but 
thofe  particulars,  which  relate  to  their  hardnefs  and 
tenacity,  could  not  with  propriety  be  inferted  in  any 
other  part  of  thefe  elements. 

If  from  each  of  two  leaden  bullets  a piece  be  cut 
off  with  a fharp  knife,  and  if  then  the  two  bullets  be 
prefled  with  their  flat  bright  furfaces  againft  each 
other,  (giving  them  a little  twifl),  they  dll  be  found 
to  adhere  fo  firmly  to  each  other,  that  fometimes 
the  weight  of  100  pounds  will  hardly  be  fufficient 
to  feparate  them.  When  feparated,  a conflderable 
degree  of  roughnefs  will  be  found  on  their  furfaces*,. 
The  beft  way  of  performing  this  experiment  is  re- 
prefented  in  fig.  21.  Plate  XI.  which  fliews  two 


# The  adhefion  of  the  two  bullets  is  certainly  not  owing 
to  the  preflure  of  the  furrounding  air  j for  in  the  firft  place 
the  atmofpherical  preffure  is  by  no  means  fo  great  as  to 
produce  that  degree  of  adhefion  between  fuch  fmall  furfaces  ; 
and,  in  the  fecond  place,  the  two  bullets  thus  prepared  are 
found  to  adhere  about  as  firmly  in  vacuo  as  they  do  in  air.  • 


prepared 


142 


Of  the  Attraction  of  Cohfion , & c. 

prepared  bullets  adhering  to  each  other,  and  each 
having  a ring  or  bit  of  ftring  patting  through  a 
hole,  fo  that  one  of  the  rings  may  be  fattened  to  a 
nail,  or  other  tteady  fupport,  whilft  the  neceflary 
weight  may  be  fufpended  to  the  other  ring.  The 
flat  and  fmooth  furfaces  of  other  metals,  of  glafs, 
See.  do  aifo  cohere  to  each  other  with  confiderable 
force ; but  with  luch  bodies  as  are  not  fo  pliable  as 
lead,  a certain  ar  i Flee  is  required  for  the  purpofe  j 
namely,  the  interpofition  of  fome  fluid  as  water, 
oil,  Sic.  or  of  fome  fubttance  which  may  be  ap- 
plied in  a fluid  ftate,  though  it  may  afterwards  co- 
agulate and  grow  folid,  as  tallow,  wax,  or  fluid 
metals. 

Two  brafs  polifhed  flat  furfaces,  2 inches  in  dia- 
meter, fmeared  over  with  greafe,  and  put  together 
in  a pretty  hot  ftate,  will,  when  cold,  adhere  to 
each  other  fo  firmly  as  to  require  nearly  600  pounds 
weight  to  feoarate  them. 

D 1 

Every  body  knows  how  firmly  two  pieces  of  me- 
tal adhere  to  each  other,  when  they  are  foldered  to- 
gether ; that  is,  joined  by  the  interpofition  of  an- 
other metal  in  a fluid  ftate. 

It  muft  be  obferved,  however,  that  in  thefe  laft 
experiments,  where  fomething  is  interpofed  between 
the  two  furfaces,  the  adhefion  feems  to  take  place, 
net  between  the  furfaces  of  the  two  folids,  fo  much 
as  between  each  of  thofe  furfaces  and  the  interpofed 
fubftance  ; for,  in  the  firft  place,  it  feems  ft  range  that 
two  furfaces  fliould  have  a greater  attrattion  to  each 

other 
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other  when  fomething  is  interpofed,  than  other- 
wife  ; and  lecondly,  it  has  been  found  that  the  de- 
cree of  adhefion  differs  according  as  different  fub- 
ftances,  viz.  oil,  or  water,  or  wax,  greafe,  turpentine, 
&c.  are  interpofed  between  the  lurfaces  of  the  very 
fame  folids. 

The  adhefion  in  thefe  experiments  is  partly  attri- 
buted to  the  preffure  of  the  atmofphere,  becaufe 
fometimes  the  adhering  plates  are  feparated  in  an 
exhaufted  receiver.  But,  on  the  other  hand,  it  feems 
likely  that  the  feparation  of  fome  of  them  in  the  ex- 
haufted receiver  is  occaftoned  rather  by  the  extrica- 
tion of  air  from  the  lubftance  which  is  interpofed, 
than  by  the  removal  of  the  atmofpherical  preffure. 

The  tenacity  or  ftrength  of  different  lubftances  is 
meafuredbythe  force  which  is  required  to  break  them. 
In  a temperate  degree  of  heat,  it  has  been  found 
that  wires  of  the  following  metals,  drawn  through 
the  fame  hole,  one  tenth  of  an  inch  in  diameter,  and 
faftened  with  one  end  to  a nail,  whilft  weights  were 
fufpended  to  the  other,  could  not  be  broken  by  any 
force  lefs  than  the  annexed  weights  *. 


Lead 

• — 

— 

29?^ 

Tin 

— 

— 

49  i 

Copper 

— • 

— 

299  f 

Brafs 

— 

— 

360 

^ Pounds 

Silver 

— 

— 

370 

Iron 

— 

— 

450 

Gold 

— 

— 

5° 0 vj 

* If  the  metals,  inftead  of  being  formed  into  wire  by  be- 
ing palled  through  a hole,  be  fnnply  caft  in  the  fame  mould 
fucceffively,  and  be  then  broken  by  means  of  weights,  their 
tenacity  will  be  found  fomewhat  different  from  the  ftatements 
of  the  above  table. 


A con- 
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A confiderable  difference  in  the  tenacity  of  me- 
tallic fubftances  is  occafioned  by  their  purity,  tem- 
perature, manner  of  forming  them,  &c.  But  with 
other  fubftancesj  the  fluftuarion  of  their  tenacity  is 
much  greater  than  with  metals,  as  will  appear  from 
the  following  obfervations  of  Mr.  Emerfon. 

“ A piece  of  good  oak,  an  inch  fquare,  and  a 
" y^rd  long,  fupported  at  both  ends,  will  bear  in 
<c  the  middle,  for  a very  little  time,  about  3^0 
pounds  avoirdupoife  ; but  will  break  with  more 
“ than  that  weight.  This  is  at  a medium  ; for 
" there  are  fome  pieces  that  will  carry  fomething 
“ more,  and  others  not  fo  much.  But  fuch  a 
“ piece  of  wood  fhould  not,  in  practice,  be  trufled 
“ for  any  length  of  time  with  above  a third  or  fourth 
“ part  of  that  weight.  For  fince  this  is  the  extreme 
“ weight  which  the  belt  wood  will  bear,  that  of  a 
“ worfe  fort  mull  break  with  it.  I have  found  by 
*c  experience,  that  there  is  a great  deal  of  difference 
*c  in  ftrength,  in  different  pieces  of  the  very  fame 
“ tree ; fome  pieces  1 have  found  would  not  bear 
*c  half  the  weight  that  others  would  do.  The  wood 
<c  of  the  boughs  and  branches  is  far  weaker  than 
“ that  of  the  body  ; the  wood  of  the  great  limbs  is 
“ ftrenger  than  that  of  the  finall  ones ; and  the  wood 
“ in  the  heart  of  a found  tree  is  ftrongeft  of  all.  I 
“ have  alfo  found  by  experience,  that  a piece  of 
timber,  which  has  borne  a great  weight  for  a fmall 
tc  time,  has  broke  with  a far  lefs  weight,  when  left 
{C  upon  it,  for  a far  longer  time.  Wood  is  likewife 

“ weaker 
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cc  weaker  when  it  is  green,  and  ftrongeft  when  tho- 
6C  roughly  dryed,  and  Ihould  be  two  or  three  years 
“ old  at  lead.  If  wood  happens  to  be  fappy,  it 
£C  will  be  weaker  upon  that  account,  and  will  like- 
“ wife  decay  fooner.  Knots  in  wood  weaken  it 
“ very  much,  and  this  ofeen  caufes  it  to  break 
<c  where  a knot  is.  Alio  when  wood  is  crofs 
“ grained,  as  ic  often  happens,  in  fawing,  this  will 
“ weaken  it  more  or  lefs,  according  as  it  runs  more 
cf  or  lei's  acrofs  the  grain.  And  I have  found  by 
ec  experience,  that  tough  wood  crofs  the  grain,  fuch 
<c  as  elm  or  alb,  is  feven,  eight,  or  ten  times  weaker 
<(  than  ftraight  ; and  wood  that  eafily  fplits,  fuch  as 
“ fir,  is  16,  18,  or  20  times  weaker.  And  for  com- 
“ mon  uie  it  is  hardly  pofilble  to  find  wood,  but  it 
“ muft  be  fubjeCt  to  fume  of  thefe  things.  Eefides, 
<c  when  timber  lies  long  in  a building,  it  is  apt  to 
£C  decay,  or  be  worm-eaten,  which  muft  needs  very 
“ much  impair  its  ftrength.  From  all  which  it 
ee  appears,  that  a large  allowance  ought  to  be  made 
“ for  the  ftrength  of  wood,  when  applied  to  any 
(<  ufe,  efpecially  where  ic  is  defigned  to  continue 
“ for  a long  time.” 

ct  The  proportion  of  the  ftrength  of  feveral  forts 
cc  of  wood,  and  other  bodies  that  I have  tried,  will 
“ appear  in  the  following  table  : 


Box,  yew,  plum-tfee,  oak 
Elm,  afh  — — 

Walnut,  thorn  — 

Vol.  II. 


11 

8f 
7 k 
Red 
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Red  fir,  hollin,  elder,  plane,  crab  tree,  apple- 

Beech,  cherry-tree,  hazle  — — 6| 

Alder,  afp,  birch,  white  fir,  willow  or 
laugh  — — — — 6 


lion  — — 

Bra  is  — 

Bone  — 

Lead  — 
Fine  free-done 


— 107 

— 50 

— 22 
— 6i 


“ A cylindric  rod  of  good  clean  fir,  of  an  inch 
<c  circumference,  drawn  in  length,  will  bear  at  the 
tc  extremity  400  pounds,  and  a fpear  of  fir  2 inches 
“ diameter,  will  bear  about  feven  tons  ; but  not 
<c  more.” 

“ A rod  of  good  iron  of  an  inch  in  circumference, 
<c  will  bear  near  3 tons  weight.” 

“ A good  hempen  rope  of  an  inch  in  circum- 
“ ference,  will  bear  1000  pounds  at  the  extre- 
“ mity.” 

“ All  this  fuppofes  thefe  bodies  to  be  found  and 
“ good  throughout;  but  none  of  thefe  fhould  be 
tc  put  to  bear  more  than  a third  or  a fourth  part 
tc  of  that  weight,  efpecially  for  any  length  of 
“ time.”* 


* Kmerfon’s  Princip.  of  Mechans.  led.  Vllf.- — See  alfo 
Muflchenbroek’s  Introd.  ad  Philof  Nat.  Caput  XXI.  De 
Cohercntia , et  Firmitate , wherein  a great  many  experiments 
are  mentioned  relative  to  the  adhefion,  ftrength,  tenacity,  &c. 
of  various  fubftances. 


The 
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The  word  Jlrengtb  iins  oiten  been  mdifcriminately 
ufed  for  exprefling  the  tenacity,  the  brittlenefs,  or 
the  rigidity  of  bodies  ; but  thoie  qualities  mu  ft  be 
duly  diftinguifhed  from  each  other,  whenever  any  of 
them  is  to  be  ufed  in  mechanics,  or  in  other  circum- 
ftances.  Thus  glafs  may  be  broken  incomparably 
cafier  titan  iron,  and  a glais  rod  can  fupport  a much 
fmaller  weight  than  what  can  be  fupported  by  an 
equal  iron  rod  : yet  iron  may  be  fcratchcd  with  glafs* 
but  the  latter  cannot  be  icratched  with  the  former. 

With  refpedt  to  hardnefs,  the  metals  may  be  placed 
in  the  following  order,  beginning  with  the  hardefr, 
and  ending  wi'h  the  fofteft : iron,  platina,  copper* 
fiver,  gold,  tin,  and  lead. 

The  fame  of  the  femi-metals,  as  tar  as  it  is  known. 
Manganefe,  nickel,  bifmuth,  tungften,  zinc,  anti- 
mony, and  arfenic. 

Vv  ith  refpedt  to  the  difference  of  elafticity,  the 
metals  feem  to  follow  the  fame  order  as  they  do 
with  refpect  to  hardnefs  ; except  that  perhaps 
copper  might  be  placed  before  platina. 

The  rigidity  and  the  elafticity  of  metallic  fub- 
itances,  are  increafed  by  a variety  of  means,  the 
principal  of  which  are  hammering,  prefling,  cooling 
iuddenly,  and  mixing  fome  of  them  together  in  due 
proportions.  And  on  the  other  hand,  their  rigidity 
and  elafticity  are  diminifhed  (except  when  they  arife 
from  mixture)  principally  by  heating  and  cooling 
gradually. 

Steel  may  be  rendered  harder  than  any  other  me- 
tallic fubftance.  Thus  if  a piece  of  fteyl  be  heated 

red 
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red  hot,  and  in  that  (late  be  plunged  in  oil,  it  will 
thereby  become  fo  hard,  that  a file  will  hardly 
fcratch  it  ; and  it  will  be  rendered  {till  harder,  if  in- 
ltead  of  oil,  the  red  hot  fteel  be  plunged  in  water; 
but  if  cold  mercury  be  ufed  inttead  of  either  of 
thofe  liquors,  then  the  fteel  will  be  rendered  fo 
hard  as  to  fcratch  glafs  nearly  as  well  as  a dia- 
mond. 

The  hardnefs  of  other  natural  folids,  befides  the 
metals,  differs  confiderably,  according  to  the  ftate  of 
purity  and  of  various  other  circumftances.  How- 
ever, a ufeful  gradation  of  the  principal  natural 
folids,  with  refpect  to  hardnefs,  is  exhibited  in  the 
following  lift,  which  begins  with  the  hardeft  and 
ends  with  the  fofteft. 

Diamond,  from  Ormos.  1 Sardonyx 


Pink,  bluifli,  or  yel- 
lowilh,  diamond. 
Cubic  diamond. 

Pale  blue  fapphire. 
Ruby. 

Pale  ruby  from  Brazil. 
Deep  fapphire. 

Topaz. 

Whicifh  topaz. 

Spinel. 


Amethyft 

Mineral,  or  rock  cryftal. 
C ornelian. 

Green  jafper. 

Shoerl. 

Tourmaline. 

Iceland  ag  ;te. 

Quartz. 

Opal. 

Chryfolyte. 


Spathum  adamantinum,  I Reddifh  yellow  jafper. 


or  the  Corundum  ftone. 
Garnet. 

Emerald. 

Agate. 

Onyx. 


Zeolyte. 

Fluor. 

Calcareous  fpar. 
Gypfum,  and 
Chalk. 


The 
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The  reader  may  naturally  inquire  whether  the  at- 
traction of  cohefion,  and  the  attraction  of  aggrega- 
tion, follow  any  known  law  of  increafe  01  decieaie, 
in  proportion  to  the  distance  ; but  his  inquiry  will 
not  meet  with  any  fatisfa&ory  information- 

The  force  of  gravity  has  been  (hewn  to  decreafe 
inverfely  as  the  fquares  of  the  diflances.  But  the 
attraction  of  cohefion,  and  that  of  aggregation,  de- 
creafe much  falter : for  instance,  if  a force  of  a 
thoufand  pounds  weight  be  required  to  break  a cer- 
tain folid,  and  if  then  the  broken  parts  be  placed 
contiguous  to  each  other,  and  fo  clofely  that  the 
eye  cannot  difcern  the  fraCture ; it  will  be  found 
that  they  may  be  feparated  with  the  utmoft  fa- 
cility. 

It  has  been  fuppofed,  fhat  thofe  attractions  de- 
creafe inverfely  as  the  cubes  of  the  diflances  but 
no  fatisfa&ory  experiments  have  as  yet  eftablifhed 
this  fuppofed  law. 
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CHAPTER  VI. 


OF  THE  MOTION  OF  THE  WAVES. 

r "MIE  effential  Tafts  relative  to  the  attractions 


JL  of  cohefion  and  of  aggregation  having  been 
flated  in  the  preceding  chapter,  we  rnuft  now  ex- 
plain the  theory  of  the  movements  of  fluids,  to 
which  we  fhail  add  feveral  experimental  obferva- 
tions,  and  fhail  endeavour  to  point  out  the  devia- 
tions of  the  refults  of  the  latter  from  the  determina- 
tions of  the  former.— The  fubjeft  is  extenfive,  and 
but  imperfeftly  known.  We  fhail  therefore  adopt 
concifenefs  as  far  as  it  may  be  compatible  with  per- 
fpicuity. 

AFGB,  fig.  i.  Plate  XII.  is  a bent  cylindrical 
tube,  w ho fe  parts  A F,  BG,  are  perpendicular  to 
the  horizon,  and  whole  diameter  is  too  large  to  be 
confiderably  aftefted  by  capillary  attraftion.  Let 
Tome  fluid,  for  inflance  water,  be  put  in  it;  and  if 
this  fluid  be  put  in  motion,  by  fluking  the  tube  once 
or  twice,  and  then  flopping  it,  the  fluid  will  be  found 
to  continue  to  move  fome  time  longer ; viz.  it  will 
be  found  to  afcend  in  one  leg,  and  to  defcend 
in  the  other  leg  alternately.  Thofe  vibrations,  or 
(as  they  are  ocherwife  called)  Vibrations , become 
gradually  fhorter  and  fhorter,  on  account  of  the 
friftion  between  tire  fluid  and  the  tube,  until  at  lafl 
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the  fluid  remains  perfectly  at  reft.  But  thole  vibra- 
tions, whether  longer  or  fhorter,  have  been  found 
to  be  performed  in  equal  portions  of  time  ; and 
thefe  are  equal  to  the  times  in  which  a common 
pendulum,  the  length  of  which  is  equal  to  half  the 
length  of  the  fluid  ENFGH,  performs  its  lmalleft 
vibrations  (1.) 

The 


(r.)  That  is,  equal  to  the  times  in  which  a cycloidal  pen- 
dulum, whofe  length  is  equal  to  half  the  length  of  the  fluid 
ENFGH,  performs  its  vibrations. 

When  the  fluid  in  one  leg  ftands  higher  than  in  the  other 
(which  is  the  fituation  actually  reprefented  in  the  figure)  di- 
vide the  difference  of  altitude,  EN,  into  two  equal  parts  at 
M. — The  fluid  a&uated  by  its  gravity  defcends  in  the  leg 
A F,  whilft  it  afcends  in  the  oppofite  leg  BG;  and  when  it 
reaches  the  fame  height  in  both  legs,  which  is  at  the  level  of 
M,  it  would  remain  there  at  reft  ; but  having  acquired  a 
certain  velocity  by  the  defcent,  it  is  thereby  enabled  to  con- 
tinue its  motion,  until  it  rifes  as  high  as  the  level  of  E, 
in  the  other  leg  B G,  excepting  a fmall  deduction 
that  muft  be  made  on  account  of  the  friftion.  When 
the  fluid  has  thus  afcended  in  the  leg  BG,  it  will  again  de- 
fcend  in  that  leg,  and  will  rife  anew  in  the  other,  and  fo  on; 
but  performing  every  one  of  its  vibratious  a little  fhorter  than 
the  preceding  one,  until  its  motion  is  entirely  deftroyed  by 
the  friction,  adhefion,  See. 

1 he  quantity  of  matter  which  is  moved  in  this  experi- 
ment, is  all  the  fluid  in  the  tube.  The  moving  force  is  the 
weight  of  the  fluid  E N ; viz.  the  double  of  E M.  Now 
this  quantity  of  fluid,  or  moving  force  E N,  does  evidemly 
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The  principal  ufe  we  fna'll  make  of  the  above  dt1- 
fcribed  vibrations  of  a fluid  in  the  bent  tube,  is  for 

explaining 


increafe  and  decreafe,  as  the  fpace  which  is  to  be  run  through 
by  the  fluid  in  order  to  reach  the  point  of  reft,  or  level  of  M ; 
fmce  its  length  is  always  the  double  of  that  fpace.  For  in- 
ftance,  when  the  upper  part  of  the  fluid  is  at  Z in  the  leg 
AF,  it  muft  ftand  at  O in  the  other  leg;  then  the  difference 
of  altitude,  or  the  moving  force,  is  reprefented  by  Z Kj 
which  is  the  double  of  Z M ; and  the  fame  thing  may  be 
faid  of  any  other  fttuation  of  the  fluid.  But  it  has  been 
proved  (in  Pi  Op.  X.  and  XV.  of  the  note  N.  I.  to  chap.  X. 
Part  I.)  that  the  vibrations,  whether  long  or  ftiort,  of  a cy- 
cloidal pendulum  are  performed  in  equal  perrons  of  time, 
for  the  very  fame  reafon,  namely,  becaufe  the  moving  force 
is  always  proportionate  to  the  arch  which  ftands  between 
the  point  from  which  the  pendulum  begins  to  defcend  in 
every  vibration,  and  the  loweft  point  of  the  arch  of  vi- 
bration. Therefore  the  fame  reafoning  which  demon- 
ftrates  this  property  of  the  cycloidal  pendulum,  proves 
the  like  property  of  the  fluid  moving  in  the  tube 

AFGB. 

Since  the  moving  force  is  equal  to  the  difference  of  ele- 
vation between  the  furface  of  the  fluid  in  one  leg,  and  that 
of  the  fluid  in  the  other  ; therefore,  when  the  fluid  is  all  in 
one  leg,  the  moving  force  is  equal  to  its  entire  weight  or 
gravity,  which  force  will  enable  it  to  defcend  perpendicularly 
through  a fpace  equal  to  its  whole  length  in  a certain  time  ; 
and  fince  this  defeent  is  only  a long  vibration,  and  all  the  vi- 
brations have  been  demonftrated  to  be  performed  in  equal 
times;  therefore  that  alfo  is  the  time  in  which  the  fluid  will 
pcrfoim  each  of  its  vibrations  in  the  tube.  But  the  time  in 

which 
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explaining  the  motion  of  the  waves,  to  which  they 
bear  a great  degree  of  analogy. 

When  the  luiface  of  water  is  fmooth  and  at  refh, 
if  any  force  (he  it  the  aiftion  of  the  wind,  as  at  lea., 
or  the  fall  of  a heavy  body,  &c.)  deprefs  the  fur- 
face  of  it  in  any  particular  place,  as  at  A,  fig.  1 af»d 
3,  Plate  XII.  (the  former  of  thofe  figures  exhibiting 
a fe&ion,  and  the  latter  a perpendicular  view  of  the 
fame  object)  the  contiguous  water  will  neceffarily 
rife  all  round  that  place,  as  at  BBB  ; for  if  a cer- 
tain quantity  of  water  be  depreffed  bcdow  the  ulual 
level,  an  equal  quantity  muft  rife  in  fome  other 
place  above  that  level,  and  the  water  which  Hands 
clofeft  to  the  place  of  the  original  impreffion,  will 
of  courfe  be  moved. 

The  water  which  has  thus  been  elevated,  defcends 
fbon  after  in  confequence  of  its  gravity ; and  by  the 
time  it  has  reached  the  original  level,  it  will  have 


which  a cycloidal  pendulum  performs  each  of  its  vibrations 
is  equal  to  the  time  that  a body  would  employ  in  defeending 
perpendicularly  by  the  force  of  gravity  through  twice  the 
length  of  the  pendulum  (fee  the  note  N.  1.  to  chap.  X.  of 
Parti.);  therefore  the  fluid  in  the  tube  A F G id,  and  a 
cycloidal  pendulum  of  half  the  length  of  the  fluid  ENFGH, 
will  perform  their  vibrations  in  equal  times. 

If  the  reader  be  defirous  of  determining;  the  time  of  vi- 
bration  of  a fluid  in  a tube  which  is  not  of  equal  diameter, 
or  whole  legs  are  not  perpendicular  to  the  horizon,  he  may 
conlult  Newton’s  Principia,  B.  II.  Prop.  44,  45,  46; 
Fmerfon’s  Fluxions,  SeiH.  III.  Prob.  XX.  &c. 


acquired 
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acquired  a degree  of  velocity  fufficient  to  carry  it 
lower  than  that  level;  therefore  it  now  adts  as  an- 
other original  moving  force,  in  confequence  of 
which  the  water  will  be  raifed  on  both  hides  of  it, 
viz.  at  A,  and  at  CCC,  fig.  3 and  4,  Plate  XII. 
And  for  the  fame  reafon,  the  defeent  of  thofe  elevat- 
ed parts  will  produce  other  elevations  contiguous  to 
them,  as  at  B B,  D D,  ng.  2 and  3,  and  fo  forth. 
Thus  the  alternate  riling  and  falling  of  the  water  in 
ridges  will  expand  all  round  the  original  place  of 
motion  ; but  as  they  recede  from  that  place,  fo  the 
ridges  as  well  as  the  adjoining  hollows,  grow  fmaller 
and  fmaller,  until  they  vanifh.  This  diminution 
of  fize  is  produced  by  three  caufes ; viz.  by  the 
want  of  perfect  freedom  of  motion  amonglt  the 
particles  of  water,  by  the  refiftance  of  the  air,  and  by 
the  farther  ridges  being  larger  in  diameter  than  thofe 

O OO 

which  are  nearer. 

It  is  like  wife  on  account  of  the  fridtion,  or  ad- 
hefion,  amongft  the  particles  of  water,  and  of  the 
refiftance  of  the  air,  that  in  the  fame  place  the  al- 
ternate elevations  and  depreffions  diminifh  gradu- 
ally, until  the  water  reaffumes  its  original  tranquil- 
lity ; unlefs  the  external  imprefiion  be  renewed  or 
continued. 

One  of  the  abovementioned  ridges,  or  elevations, 
together  with  one  adjoining  cavity,  is  called  a 

wave. 

The  breadth  of  the  wave  is  the  part  of  the  hori- 
zontal line,  which  is  occupied  by  a wave  ; and  this 

is 
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is  evidently  ecpial  to  the  diftance  between  the  tops  of 
two  contiguous  ridges,  or  between  the  loweff  points 
of  two  contiguous  hollows. 

A wave  is  laid  to  have  viiti  its  bv ea.  hj}  when  its 
elevated  part  is  arrived  at  the  place  where  the  ele- 
vated part  of  the  next  wave  flood  before,  or  when 
the  elevated  part  B has  moved  as  far  as  D ; or  (ghe 
fituations  of  two  contiguous  waves  being  given) 
when  one  of  them  is  arrived  at  the  place  of  the 
ether;  and  the  time  which  is  employed  in  this 
tranfition  is  called  the  time  of  a vave's  motion. 

It  mull  not  however  be  imagined  that  the  water 
is  by  this  means  carried  progrelTively  from  A to- 
wards B,  D,  &c.  it  being  only  the  fucceffive  rifing 
and  falling,  which  is  communicated  from  the  ori- 
ginal  centre  of  motion  to  the  next  parts  pro- 
grefiively.  1 his  may  be  clearly  perceived  by 
laying  fmall  floating  bodies  upon  the  furface  of 
the  water,  for  they  will  be  moved  up  and  down,  but 
will  not  recede  from  their  original  places. 

Now  the  alternate  rifing  of  the  water  In  two  ad- 
joining places,  as  at  B and  C,  has  been  jullly  confi- 
dered  as  analogous  to  the  vibratory  motion  of  the 
water  in  the  bent  tube,  fig.  1.  fo  that  the  dillance 
between  the  upper  point  of  the  ridge  of  a wave  and 
the  lowell  part  of  its  hollow,  is  like  the  length  of 
the  fluid  in  the  tube,  fig.  1.  the  difference  at  lead  is 
not  very  great.  Therefore  the  wave  will  perform 
one  vibration,  that  is,  the  ridge  of  it  will  become 
the  hollow  part,  and  the  latter  vyill  be  elevated,  in 

the 


5 5 6 Of  the  Motion  of  the  IVaves. 

the  Time  time  th.it  a pendulum  of  h.df  the  length  of 
the  wave,  (viz.  half  the  length  of  the  furface  of 
the  water  between  the  upper  part  of  the  ridge  and 
the  lowed:  part  of  the  hollow)  will  perform  one  of 
its  lead:  ofcillations.  Hence  the  motion  of  waves  is 
regular,  or  the  ridings  and  fallings  of  the  water  in  the 
lame  place  are  performed  in  equal  portions  of  time, 
as  is  the  cafe  with  the  fluid  in  the  tube,  fig.  i. 

But  this  time  of  vibration  is  half  the  time  in  which 
a wave  will  run  us  breadth  ; for  in  order  to  run  that 
breadth,  the  ridge  mud:  come,  not  to  the  place  where 
the  next  hollow  flood,  but  to  the  place  where  the 
next  ridge  fcood.  Therefore  a wave  will  run  its 
breadth  in  the  fame  time  thac  a pendulum  cf  half  its 
length  will  perform  two  of  its  lead:  vibrations ; or  to 
the  time  in  which  a pendulum  equal  to  four  times 
that  length,  (viz.  equal  to  the  length  of  the  furface 
BCD)  will  perform  one  vibration  j fince  the 
times,  in  which  pendulums  of  different  lengths 
perform  their  vibrations,  are  as  the  fquares  of  their 
lengths. 

When  the  waves  are  broad  and  do  not  rife  high, 
then  the  abuvementioned  length,  BCD,  will  not 
differ  much  from  the  breadth  of  the  wave ; and  in 
that  cafe  die  wave  will  run  its  breadth  in  the  fame 
time  that  a pendulum,  whofe  length  is  equal  to  that 
breadth,  p rforms  one  of  its  vibrations.  Hence,  it 
the  breadth  of  a wave  be  39,1196  inches*;  then 

* Such  being  the  length  of  ihc  pendulum  which  vibrates 
feconds.  See  page  196.  vol.  I. 

that 
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that  wave  will  move  on  at  the  rate  of  39, 1 196  inches 
per  fecond  of  time;  that  is,  at  the  rate  of  195  feet 
per  minute,  nearly. 

It  will  eafily  be  conceived  that  the  waves  rife 
higher  or  lower,  according  to  the  power  of  the  ori- 
ginal moving  force  ; for  the  more  water  is  difplaced 
by  that  force,  the  greater  quantity  of  it  muft  be  ele- 
vated above  theufual  level ; and  of  courfe  the  breadth 
of  the  waves  is  likewife  greater. 

It  leems  to  be  pretty  well  determined  from  a va- 
riety of  experiments  and  obfervations,  that  the  ut- 
moft  force  of  the  wind  cannot  penetrate  a great  way 
into  the  water;  and  that  in  great  ftorms  the  water  of 
the  fea  is  {lightly  agitated  at  the  depth  of  20  feet 
below  the  ufual  level,  and  probably  not  moved  at  all 
at  the  depth  of  30  feet  or  five  fathoms*.  Therefore 
the  adtual  difplacing  of  the  water  by  the  wind  can- 
not be  fuppofed  to  reach  nearly  fo  low ; hence  it 
fhould  feem  that  the  greateft  waves  could  not  be  fo 
very  high  as  they  are  often  reprefented  by  accurate 
and  creditable  navigators.  But  it  muft  be  obferved 
that  in  ftorms,  waves  increalb  to  an  enormous  fize 
from  the  accumulation  of  w'aves  upon  waves  ; for 
as  the  wind  is  continually  blowing,  its  adtion  will 
viile  a wave  upon  another  wave,  and  a third  wave 
upon'  a fecond,  in  the  fame  manner  as  it  raifes  a 


* Boyle’s  works,  folio  edition,  vol.  III.  Relations  about 
the  bottom  of  the  Sea.  Sect.  HI, 


wave 
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wave  upon  die  flat  furface  of  the  water.  In  fact,  at 
fea,  a variety  of  waves  of  different  fizes  are  fre- 
quently feen  one  upon  the  other,  efpecially  whilft 
the  wind  is  actually  blowing.  And  when  it  blows 
frefh,  the  waves,  not  moving  fu Anciently  quick, 
their  tops,  which  are  thinner  and  lighter,  are  im- 
pelled forward,  are  broken,  and  turned  into  a white 
foam,  particles  of  which,  called  th e/pray,  are  carried 
a vaft  way. 

Waves  are  circular,  or  ftraight,  or  otherwife 
bent,  according  as  the  original  impreflion  is  made 
in  a narrow  fpace  nearly  circular,  or  in  a ftraight 
line,  or  in  other  configurations.  In  open  Teas  the 
waves  generally  are  in  the  fhape  of  ftraight  furrows, 
becaufe  the  wind  blows  upon  the  water  in  a parallel 
manner,  at  leaft  for  a long  apparent  tradV. 

When  the  water  receives  feveral  impulfes  at  the 
fame  time,  but  in  different  places,  then  the  waves 
which  proceed  from  thofe  places  mult  neceflarily 
crofs  each  other. — By  this  eroding  the  waves  do  not 
difturb  each  other;  but  they  follow'  their  proper  di- 
redlions,  by  palling  one  upon  the  other.  Thus  if 
two  ftones  be  thrown  upon  the  furface  of  ftagnant 
water  nearly  at  the  fame  time,  but  at  a little  di fiance 
from  each  other;  the  circular  waves  which  proceed 
from  thofe  places  will  be  clearly  perceived  to  crofs 
each  other,  and  to  follow  their  peculiar  courles. 
The  reaion  of  which  is,  that  the  fame  caufe  which 
produces  the  alternate  rifing  and  falling  of  the  water 
upon  the  furface  of  otherwife  ftagnant  water,  muff 

operate 
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operate  in  the  fame  manner,  and  muff  produce 
the  like  effedt  on  the  furface  of  another  wave. 

When  a wave  meets  with  an  obftacle  which  is 
ftraight  and  perpendicular,  fuch  as  a wall,  a deep 
bank,  as  RS,  fig.  3.  then  the  wave  is  reflected  by 
it,  and  the  fhape  of  the  refle&ed  or  retrograde 
wave,  is  the  reverfe  of  what  it  would  have  been  on 
the  other  fide  of  the  obftacle,  had  the  obftacle  not 
exifted.  Thus  in  fig.  3.  the  reflected  wave  vtv 
has  the  fame  curvature  as  it  would  have  had  at  xyx , 
if  the  obftacle  had  not  reflected  it ; for  the  middle 
part  of  the  curvature  muft  naturally  meet  the  obfta- 
cle, and  muft  be  refledted  by  it  firft ; fo  that  this 
part  will  be  found  at  /,  when  the  adjoining  parts 
which  are  refledted  after  it  are  at  vv , &c. — And  fince 
waves  will  crofs  without  obftrudting  each  other,  the 
refledted  waves  will  proceed  from  the  obftacle,  and 
will  expand  all  round,  &c. 

When  the  bank  or  obftacle  is  inclined  to  the  ho- 
rizon, as  is  frequently  the  cafe  on  the  Jfhores  of  the 
fea  ; then  the  refledtion  of  the  waves  is  difturbed, 
and  it  is  often  abfolutely  deftroyed  by  the  fridtion  of 
the  water  upon  the  ground. 

If  the  obftacle  be  fuch  as  to  refledt  a part  only  of 
the  wave,  fuch  as  a ftone  or  a poft,  which  is  fur- 
rounded  by  the  water  } then  the  wrave  will  be  partly 
refledted  in  fhapes  and  diredtions  which  differ  ac- 
cording to  the  form  and  fize  of  the  obftacle,  whilft 
the  reft  of  the  wave  will  proceed  in  its  original  di- 
redtion. 


When 
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When  a hole  in  an  obftacle  permits  part  only  cf 
a wave  to  go  th  ’ough,  as  at  Z,  fig.  3.  then  circular 
waves  will  be  formed  on  the  other  fide  of  the  obfta- 
cie,  whofe  centre  is  the  hole  ; for  in  faft  thofe  waves 
owe  their  origin  to  the  motion  of  the  water  in  that 
place  only. 

The  fame  caufes  which  raife  water  into  waves, 
mull  evidently  produce  the  like  effect  on  other 
fluids,  but  in  different  degrees,  according  as  the 
fluid  is  more  or  lefs  heavy,  as  its  particles  adhere 
more  or  lefs  forcibly  to  each  other,  and  probably 
likewife  according  as  there  is  a greater  or  lefs  de- 
gree of  attraction  between  the  fluid  and  the  other 
body,  which  gives  it  the  impulfe. 

When  a ffone  or  other  heavy  body  is  dropped  on 
the  furface  of  oil,  the  waves  are  not  nearly  fo  high, 
nor  fo  quick,  neither  do  they  fpread  fo  far  as  the 
waves  of  water.  This  effect  is  evidently  owing  to 
the  clamminefs,  or  great  degree  of  adheflon  between 
the  particles  of  the  oil. 

If  the  waves  upon  oil  be  attempted  to  be  raifed 
by  the  force  of  wind,  it  will  be  found  very  difficult 
to  iucceed  even  in  a moderate  degree.  This  diffi- 
culty is  in  a great  meafure  owing  to  the  attraction 
between  the  particles  of  oil  but  befldes  this,  there 
may  be  lefs  attraction  between  oil  and  air,  than  be- 
tween the  latter  and  water ; for  water  always  con- 
tains a certain  quantity  of  air  j and  if  it  be  deprived 
of  that  air  by  means  of  boiling  or  otherwil'e,  a fhort 
2 expo  lure 
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expo fure  to  the  atmofphere  will  enable  the  water  to 
rcimbibf  it. 

It  is  like  wife  probable,  that  the  furface  of  water, 
even  when  ftagnant,  may  not  be  fo  fmooth  as  the 
furface  of  oil ; fo  that  the  wind  may  more  eafily 
catch  into  the  inequalities  of  the  termer  than  ot  the 
latter. 

It  is  remarkable  that  the  eftedt  of  the  wind  upon 
water  may  in  a great  meafure  be  prevented  or  mo- 
derated, by  fpreading  a thin  film  of  oil  on  the  furface 
of  the  water. 

No  great  quantity  of  oil  is  required  for  this  pur- 
pofej  for,  though  oil  be  very  clammy  and  adhe- 
five  to  almoft  all  other  bodies  ; yet  when  dropped 
upon  water,  it  will  infhntly  fpread  and  extend  itfelf 
over  a vaft  furface  of  water  ; and  it  will  even  drive 
fin  all  floating  bodies  out  of  its  way,  acquiring,  as  it 
feems,  a repulfive  property  amongfl  its  own  par- 
ticles. 

This  repulfion  may  be  fhewn  in  the  following 
amufing  manner:  Cut  a light  fhaving  of  wood/  or 
of  paper,  in  the  form  of  a comma,  or  of  the  fize  and 
fhape  of  fig.  5.  Plate  XII.  fmear  it  with  oil,  then 
place  it  upon  the  furface  of  a pretty  large  piece  of 
fmooth  water;  and  the  bit  of  wood  or  paper  will  be 
feen  to  turn  round  in  a diredtion  contrary  to  that  of 
the  point  A,  which  is  occafioned  by  the  ftream  of 
oily  particles  ilfuing  from  the  point  and  fpreading 
themfelves  over  the  lurface  of  the  water. — This  ex- 
periment will  not  fucceed  in  a bafon  or  other  fmall 

yol.  11.  m velfel 
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vefTel  full  of  water,  wherein  the  particles  of  oil  have 
not  room  enough  to  expand  themfelves. 

If  a heavy  body  be  dropped  on  the  furface  of  wa- 
ter which  is  thus  covered  with  a film  of  oil,  the 
waves  will  take  place  in  the  fame  manner  as  if  there 
were  no  oil.  But  the  blowing  of  the  wind  will  have 
little  or  no  effeft  upon  it.  In  this  cafe  the  oil  feems 
to  a 61  between  water  and  air,  in  the  fame  manner 
as  it  a<5ts  between  the  moving  parts  of  mechanical 
engines  ; viz.  it  lubricates  the  parts,  and  renders 
the  motion  free  and  eafy. 

But  whether  this  be  the  real  explanation  or  not, 
the  fadl  is  not  lefs  true  than  furprifing  ; and  a very 
ufeful  confequence  has  been  derived  from  it,  name- 
ly, a method  of  frilling  the  waves  of  the  fea  in  cer- 
tain cafes. 

It  is  exprefsly  mentioned  by  Plutarch*  and  Pli- 
ny-}-, that  the  feamen  of  their  times  ufed  to  Hill  the 
waves  in  a ftorm,  by  pouring  oil  into  the  fea.  But 
fince  the  revival  of  learning,  though  feveral  obferva- 
tions  relative  to  it  are  to  be  found  in  accounts  of 
voyages,  &c.  yet  I do  not  know  that  any  notice 
has  been  taken  of  this  account  by  any  philofophical 
writer,  previous  to  the  late  celebrated  Dr.  Franklin, 
who  collected  leveral  accounts  relative  to  the  fub- 


* Quxfb  Nat. 
t Hift.  Nat.  lib.  ii.  c.  103. 
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je£t,  and  made  a variety  of  experiments  upon  it,  the 
fum  of  which  is  as  follows*. 

A fmall  quantity  of  oil,  for  inftance,  a quarter  of 
an  ounce,  will  fpread  itlell  quickly  and  forcibly  upon 
the  water  of  a pond  or  lake,  to  the  extent  of  more 
than  an  acre ; and  if  poured  on  the  windward  fide, 
the  water  will  thereby  be  rendered  quite  lmooth  as 
far  as  the  film  of  oil  extends,  whilft  the  reft  of  the 
pond  may  be  quite  rough,  from  the  adtion  of  the 
wind. 

If  the  oil  be  poured  on  the  leeward  fide,  then  the 
force  of  the  wind  will  in  a great  meafure  drive  it  to- 
wards the  bank.  Befides  which,  the  experiment  is 
fruftrated  by  the  waves  coming  to  that  fide  already 
formed;  for  the  principal  operation  of  the  oil  upon 
water  is,  as  it  feems,  1 ft.  to  prevent  the  raifing  of 
new  waves  by  the  wind  ; and  idly,  to  prevent  its 
driving  thofe  which  are  already  raifed  with  fo 
much  force,  as  it  would  if  their  furface  were  not 
oiled. 

Such  experiments  at  fea  are  evidently  attended 
with  a great  many  difficulties ; but  in  particular 
cafes  eflential  advantages  may  be  derived  from  the 
ufe  of  oil,  and  feveral  inftances  of  its  having  been 


* See  his  paper  on  the  {tilling  of  waves  by  means  of  oil, 
in  the  Phil.  T ranfadtions,  vol.  LXIV.  or  in  his  mifcella- 
neous  papers. 
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of  very  great  fervice,  are  recorded*.  “ We  might/’ 
fays  Dr.  Franklin , <c  totally  fupprefs  the.  waves  in 
<c  any  required  place,  if  we  could  come  at  the 
<c  windward  place,  where  they  take  their  rife. 
“ This  in  the  ocean  can  feldom  if  ever  be  done. 
“ But  perhaps  fomething  may  be  done  on  particu- 


* Mr.  Tengnagel,  in  a letter  to  Count  Bentinck,  dated 
Batavia,  January  the  5th,  1770,  fays,  “ Near  the  Iflands 
Paul  and  Amfterdam,  we  met  with  a {form  which  had  nothing 
particular  in  it  worthy  of  being  communicated  to  you,  except 
that  the  Captain  found  himfelf  obliged,  for  greater  fafety  in 
wearing  the  fhip,  to  pour  oil  into  the  fea,  to  prevent  the 
waves  breaking  over  her,  which  had  an  excellent  effect, 
and  fucceeded  in  preferving  us.”  Phil.  Tranfaidions, 
vol.  LXIV.  page  456. 

It  has  been  remarked  in  Rhode  Ifland,  that  the  harbour  of 
Newport  is  ever  fmooth  whilft  any  whaling  veflels  are  in  it; 
which  is,  in  all  probability,  owing  to  the  filh-oil  that  may 
come  out  of  them. 

It  is  faid  to  be  a practice  with  the  f.fhermen  of  Lifbon 
when  about  to  return  into  the  river  (if  they  fee  before 
them  too  great  a furf  upon  the  bar,  which  they  apprehend 
might  fill  their  boats  in  parting)  to  empty  a bottle  or  two  of 
oil  into  the  fea,  which  will  fupprefs  the  breakers,  and  allow 
them  to  pafs  fafely. 

In  various  parts  of  the  coaft  of  the  Mediterranean,  and 
elfewhere,  it  is  a practice  of  the  fifhermen,  to  fprinkle  a 
little  oil  upon  the  water,  which  fmooths  the  furface  of  the 
water  that  is  ruffled  by  the  wind,  and  thus  enables  them  to 
fee  and  to  ftrike  the  fifh. 


“ lar 
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f<  lar  occafions,  to  moderate  the  violence  of  the 
tc  waves,  when  we  are  in  the  midfl:  of  them,  and 
“ prevent  their  breaking,  where  that  would  be  in- 
tc  convenient. 

<f  For  when  the  wind  blows  frelh,  there  are  con- 
“ tinually  rifing  on  the  back  of  every  great  wave, 
<(  a number  of  fmall  ones,  which  roughen  its  fur- 
cc  face,  and  give  the  wind  hold,  as  it  were,  to  pufli 
<c  it  with  greater  force.  This  hold  is  diminilhed 
<c  by  preventing  the  generation  of  thofe  fmall  ones. 
<c  And  polTibly  too,  when  a wave’s  furface  is  oiled, 
C(  the  wind,  in  palling  over  it,  may  rather  in  fome 
“ degree  prefs  it  down,  and  contribute  to  prevent 
(c  its  rifing  again,  inftead  of  promoting  it.” 

Light,  volatile,  or  etherial  oils,  like  ether,  fpirit 
of  turpentine,  &c.  do  not  poflefs  the  fame  proper- 
ty as  fat  oils,  fuch  as  olive  oil,  lin-feed,  rape-feed 
oil,  train-oil,  &c. 
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CHAPTER  VII. 


OF  THE  MOTION  OF  FLUIDS  THROUGH  HOLES, 
PIPES,  CANALS,  &C. 

i ‘HE  infufficiency  of  the  common  theory  to 


JL  account  for  the  phenomena  which  have  been 
obferved  relatively  to  fluids  in  motion,  fuggefts  the 
expedient  of  dating  the  refults  of  the  principal  and 
mod  authentic  experiments  which  have  hitherto 
been  made  in  this  branch  of  natural  philofophy ; it 
being  from  a colledion  of  well  edabliflied  fads,  that 
a ufeful  fet  of  theoretical  propofitions,  or  natural 
laws,  may  hereafter  be  deduced.  We  flaall  never- 
thelels  briefly  prefix  the  leading  propofitions  of  the 
common  theory,  in  order  that  the  deviations  of  its 
refults  from  thole  of  adual  experiments,  may  be 
rendered  more  evident  to  the  reader.  And  in  this 
place  it  feems  proper  to  obferve,  that  the  imper- 
fedions  of  this  theory,  which  in  truth  is  partly 
edablifhed  upon  fads,  mud  be  attributed  not  to 
any  deficiency  in  the  mode  of  reafoning,  but  to  the 
want  of  adequate  principles  to  edablifh  that  reafon- 
ing upon. — The  demondration  of  any  propofition, 
whether  in  mathematics  or  in  any  other  fubjed, 
does  only  fhew  the  natural,  neceflary,  and  uncon- 
trovertable  dependence  of  one  idea  upon  the  next, 
throughout  the  whole  chain  of  ideas,  which  inter- 


vene 
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vene  between  the  affertion  of  the  proposition,  and 
certain  principles  or  axioms.  1 herefore  the  de- 
monftration  may  be  ftridtly  juft  and  proper,  yet 
the  propofition  may  be  either  true  or  fali'e,  accord- 
ing as  the  principles  upon  which  it  is  eftabiifhed  are 
true  or  falfe  ; and  according  as  all  the  principles 
upon  which  that  proportion  depends,  or  Some  of 
them  only,  have  been  taken  into  the  account. 

Now  with  refpect  to  the  theory  of  fluids  in 
motion,  the  defedt  ariles  from  the  imperfect  know- 
ledge of  the  principles,  or  the  circumftances  upon 
which  the  phenomena  depend. 

According  to  the  common  theory.  I.  When  a 
fluid  is  conveyed  through  a pipe  of  an  uniform 
bore,  or  a channel  of  an  uniform  Shape  and  capa- 
city, as  in  fig.  6.  Plate  XII.  the  velocity  of  the 
fluid  is  the  fame  in  every  fcdtion  of  it ; viz.  in  the 
fame  time  an  equal  quantity  of  fluid  will  pafs 
through  AB,  or  through  DC,  or  through  EF,  &c. 
But  if  the  faid  channel  or  pipe  be  narrower  at  lome 
places  than  at  others,  then  die  velocities  of  the  fluid 
which  pafles  through  it  will  be  different ; viz.  at 
different  fedtions  tiie  vcdocities  will  be  inverfely  as 
the  areas  of  the  fedtions.  Thus,  luppofe  that  in  the 
channel,  fig.  7.  Plate  XII.  the  aperture,  or  the 
area  of  the  fedtion  AP»,  is  equal  to  half  the  area  of 
the  fedtion  CD;  then  the  velocity  of  die  fluid  at 
AB  will  be  double  the  velocity  of  the  fluid  af  CD; 
for  flnce  the  channel,  or  pipe,  remains  always  full, 
it  is  evident  that  in  the  fame  time  an  equal  quantity 
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of  fluid  mufl:  pafs  through  CD,  as  through  AB. 
But  at  AB  the  capacity  of  the  pipe  is  half  that  at 
CD;  therefore  the  fluid  mufl;  move  through  AB  as 
quick  again  as  it  does  through  CD;  flnce,  if  it 
moved  with  the  fame  velocity  through  both  places, 
the  quantity  of  fluid  which  palled  through  AB  in  a 
certain  time,  would  be  the  half  of  what  pafled 
through  C D ; in  which  cafe  the  channel  would  not 
remain  equally  full. 

II.  If  a fmall  aperture  be  made  in  the  bottom, 
cr  in  the  fide  of  a vefiel  full  of  water  and  onen  at 

4 

top  ; equal  quantities  of  water  will  flow  out  of  it  in 
equal  portions  of  time,  provided  the  vefiel  be  kept 
continually  lufl,  by  means  of  a proper  fupply  of 
water.  But  if  the  veffel  be  not  fupplied  with  water 
(in  which  cafe  the  quantity  of  water  in  it  will  be 
gradually  dlminiflied,  until  its  furface  arrives  at  the 
aperture)  ; then  the  water  will  flow  out  of  the  aper- 
ture with  a velocity  which  is  continually  retarded  i 
and  which  has  been  found  to  be  nearly  equal  to  the 
velocity  which  a body  would  acquire  in  falling 
through  a fpace  equal  to  half  the  perpendicular  al- 
titude of  the  fluid  above  the  apercure ; hence  the 
velocity  is  as  the  fquare  root  of  that  altitude.  (See 
what  has  been  faid  concerning  the  defeent  of  bodies 
in  Chap.  V.  Part  I.) 

III.  If  in  the  bottoms  or  in  the  fides  of  equal 
vefiels  containingvvater,  equal  apertures  be  made,  but 
at  different  diftances  from  the  furface  of  the  water  ; 
then  the  quantities  of  water  which  will  How  in  a 
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oiven  time,  will  be  as  the  fquare  roots  of  the  aid- 
tudc-s  of  the  water  above  the  apertures  refpectivdy ; 
flnce,  bv  the  preceding  paragraph,  the  velocities  are 
in  that  proportion. 

IV.  In  equal  veffel's  full  of  water,  if  unequal 
apertures  be  made  at  equal  diftances  below  the  fur- 
face  of  the  water,  then  the  quantities  of  water  which 
flow  in  a given  time,  are  nearly  as  the  areas  of  the 
apertures.  Hence,  if  cylindric  veflels,  full  of  water, 
be  equal  in  every  refpedt,  except  their  having  un- 
equal apertures,  the  times  in  which  they  are  emptied 
will  be  inverfelv  as  the  areas  of  their  apertures  j and 
if  they  are  equal  in  every  other  refpe<5t,  except  in 
their  diameter,  then  the  times  of  empfying  them- 
felves  will  be  as  their  contents  refpeftively. 

V.  Let  a veflel  of  a cylindric  or  prifmatic  form 
be  fet  up  perpendicularly  to  the  horizon,  and  an 
aperture  be  made  in  its  bottom  ; then  if  the  veflel 
be  kept  conftantly  full  by  a fupply  of  water,  twice 
the  quantity  of  water  will  flow  out  of  the  aperture 
in  the  fame  time  in  which  the  veflel  would  empty 
itfelf  if  it  were  not  fupplied  with  water. 

The  demonflration  of  thofe  propofitions  might 
be  eafily  derived  from  the  doftrine  of  motion  al- 
ready explained*  : but  the  determinations  of  thofe 
propofitions  deviate  more  or  lefs  from  the  refults 
of  actual  experiments  j and  this  deviation  is  owing 


See  D.  Bernoulli’s  and  D’Alembert’s  Theories.  Alio 
Vince’s  Hydroit. 
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to  the  following  caufes  or  concurring  circum- 
fbinces,  which,  on  account  of  their  uncertain  or 
fluctuating  nature,  have  not  yet  been  fufficicntly 
invefiigated. 

Thefe  are  the  peculiar  natures  of  fluids,  which 
vary  according  to  the  temperature,  purity,  ike. — 
the  attraction  of  aggregation,  or  (as  it  is  othervvife 
called)  the  corpufcular  attradlion  ; — the  attraction  of 
cohcfion;  the  friction  againft  the  fides  of  the  veflels; 
the  refiftance  of  the  air ; the  fize  of  the  veflfel  in 
proportion  to  the  aperture  ; the  fhape  of  the  aper- 
ture; the  different  directions  in  which  the  various 
parts,  or  (as  they  are  othervvife  called)  the  various 
filaments  of  the  fluid  of  the  fame  veffel  run  towards 
the  aperture  ; and  the  vortices  or  irregular  motions 
which  are  communicated  to  the  fluid  by  a variety  of 
caufes  ; even  by  an  obftacle  to  the  ftream  at  fome 
diftance  from  the  aperture. 

ACtual  experiments  accurately  performed,  and 
obfervations  attentively  made  on  the  motion  of 
fluids,  have  fhewn  the  following  faCts,  which  for 
the  fake  of  peripicuity  we  fhall  arrange  under  three 
heads ; viz.  fir  ft,  thole  which  relate  to  fluids  run- 
ning through  open  channels;  iecondly,  thofe  which 
relate  to  the  running  of  fluids  out  of  apertures  ; and 
thirdly,  thofe  which  relate  to  the  jet  itfelf  out  of  the 
aperture. 

I.  When  water  runs  through  a channel  of  an 
uniform  fhape,  and  open  at  top,  as  in  fig.  6. 
Plate  XII.  the  water  docs  not  move  with  the  fame 
2 velocity 
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velocity  throughout  the  whole  capacity  or  width 
of  the  channel ; but  its  motion  is  fwifter  through 
the  middle  of  the  upper  fur  face,  than  nearer  the 
Tides  or  the  bottom,  where  its  velocity  is  .partly 
checked  by  the  trillion,  adhefion,  &c. 

When  the  channel  is  not  of  an  uniform  lhape, 
or  when  it  is  interrupted  by  obstacles,  the  velocities 
of  the  water  at  different  tranfverfe  feCtions  are  not 
inverfely  as  the  areas  of  thole  feCtions;  but  they 
differ  more  or  lefs  from  that  ratio,  according  to  the 
force  of  the  ffream,  and  the  peculiar  configurations 
of  the  channel,  and  the  obftacles  which  force  differ- 
ent parts  or  filaments  of  the  ffream  to  run  with 
different  velocities  in  different  directions,  which 
frequently  crofs  and  check  each  other.  Thus  in  the 
ffream,  fig.  8.  Plate  XII.  the  water  in  paffng 
through  the  narrow  part  AB,  will  move  with  in- 
creafed  velocity,  and  after  having  paffed  that  part, 
its  momentum  will  enable  it  to  move  on  in  the 
flraight  direction  ed;  but  in  confequence  of  the 
attraction  of  water  to  water,  it  will  drag  part  of  the 
water  at  e towards  d,  which  occafions  a deprefiion  of 
the  water  about  e ; hence  the  water  fom  the  ad- 
jacent parts  f gt  runs  to  fupply  ciiat  defeCt,  and 
thus  a curvilinear  or  whirling  motion  dfge,  is  pro- 
duced.—Thefe  whirling  motions  are  called  eddies. 
— By  this  means  the  velocity  of  the  ffream,  in  the 
direction  ed,  is  gradually  checked,  and  its  motion 
is  communicated  to  the  contiguous  water  in  the 
larger  part  ZR.— Farther  on,  the  greateff  part  of 

the 
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the  ftream  ftrikes  againft  the  obftacle  OS,  which 
being  aflant  to  its  direction,  deftroys  part  of  ics 
force.  With  the  other  part  of  that  force,  (agreea- 
bly to  the  law  of  the  competition  and  refutation  of 
forces)  the  water  runs  in  the  direction  OT,  and 
ilrik.es  againft  the  bank  at  T,  about  which  place  it 
meets  the  other  part  of  the  ftream,  w hich  runs  in 
the  direction  d T,  and  thus  by  crofting,  they  check 
each  other,  &c. 

The  fame  obfervations  may  be  applied  to  the  in- 
equalities of  the  bottom.  Thus,  for  inftance,  let 
A B C,  fig.  9.  Plate  XII.  reprefent  the  bottom 
of  a channel  which  is  hollowed  at  DB.  EF  re- 
prefents  the  furface  of  the  water.  Now  the  lower 
par:  of  the  ftream,  after  having  pafTed  along  the 
hollow  from  D to  B,  will,  agreeably  to  the  laws  of 
motion,  tend  to  continue  its  motion  in  the  laft  di- 
rection, viz.  in  the  direction  from  B towards  F ; 
and  in  fact  at  F,  the  furfice  of  the  water  will  be 
feen  a little  elevated  above  the  reft.  In  this  cafe 
two  portions  of  the  fame  body  of  water  run  in  dif- 
ferent directions,  viz.  one  part  from  B towards 
F,  and  another  part  from  AE  towards  CF.;  hence 
they  muft  partly  obftruCt  each  other. 

Such  eddies  and  different  directions  may  be 
clearly  obferved  in  almoft  any  river  or  natural 
ftream  of  water,  efpecially  when  the  water  contains 
Boating  particles  of  earth  and  other  folids.  By 
pouring  a fmall  quantity  of  red  wine,  or  of  milk, 
into  a bafon  full  of  water,  a clear  view  of  thofe 

eddies. 
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eddies,  &c.  may  be  exhibited  in  an  eafy  and  fami- 
liar way.  And  the  experiment  may  be  varied  by 
pouring  the  milk  either  in  the  direction  ot  the  fide, 
or  towards  the  centre  of  the  bafon;  as  alio  againfl 
a fpoon,  which  may  be  made  to  reprefent  an  ob Ha- 
de either  againft  the  fide  or  at  the  bottom  of  the 
veficl. 

The  various  changes  and  other  phenomena 
which  take  place  in  rivers,  are  almoft  all  depending 
upon  the  directions  and  the  momenta  of  different 
parts  of  the  ftreamj  fo  that  by  a thorough  examina- 
tion of  the  local  caufes  which  produce  them,  the 
methods  of  ufing  them  advantageoufly,  or  of  re- 
medying the  inconveniencies  that  arife  therefrom, 
may  be  frequently  difcovered. — This  is  one  of  the 
effential  advantages  which  mankind  derives  from  the 
knowledge  of  hydroftatics. 

The  water  which  runs  in  confequence  of  its  gra- 
vity from  a higher  to  a lower  part  of  the  furface 
of  the  earth,  in  a channel  generally  open  at  top,  is 
called  a river. 

A river  which  flows  uniformly  and  preferves  the 
fame  height  in  the  fame  place,  is  faid  to  be  in  a 
■permanent  fate.  But  fuch  rivers  are  leldom  if  ever 
to  be  found. 

From  what  has  been  faid  above  it  is  evident  that 
the  water  of  a river  does  not  flow  with  the  lame  ve- 
locity through  the  whole  width  of  the  river.  The 
line  in  which  the  water  moves  with  the  greatefl  ve- 
locity, is  called  the  Thread  of  the  river,  and  this 

diread 
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thread  feldom  lies  in  the  middle  of  the  river,  but  it 
generally  comes  nearer  to  one  fide  than  to  the  other, 
according  to  the  nature  of  the  impediments,  and  of 
the  configuration  of  the  banks. 

Rivers  owe  their  origin  to  the  natural  fprings,  or 
mountains,  or  other  elevated  parts  of  the  furface  of 
the  earth,  whence  the  water  defeends  through  fuch 
openings  as  nature,  and  fometimes  art,  offers  to  it. 
The  waters  of  various  fprings,  by  thus  running  to- 
wards the  lame  valley,  frequently  meet  and  form  one 
ftream,  which,  by  paffing  continually  over  the  fame 
place,  hollows  the  ground  and  forms  itfelf  a channel, 
which,  according  to  the  nature  and  difpofition  of  the 
ground,  goes  into  various  directions,  and  alters  its 
velocity,  but  always  defeending  from  a higher  to  a 
lower  place,  until  at  laft  it  runs  either  into  another 
river  or  into  the  fea,  after  having  fometimes  paffed 
over  a tradt  of  fome  thoufands  of  miles 

The 


* The  proportional  lengths  of  courfe  of  fome  of  the 
moft  noted  rivers  in  the  world  are  fhewn  nearly  by  the  fol- 
lowing numbers. 

Mr.  Rcnnell’s  paper,  Phil.  Tranf.  vol.  71ft,  p.  90. 
European  Rivers : 


Thames 

■ — 

— 

— 

1 

Rhine 

— 

— 

— 

Si 

Danube 

— 

■ — • 

— 

7 

Wolga 

•— * 

9 v 

Aliatic 
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The  velocity  of  the  water  of  a river  ought  to  in- 
'creafe  in  proportion  as  it  recedes  from  its  fource  ; 
but  the  numerous  cauies  of  retardation,  which  occur 
iin  rivers,  are  produdive  of  very  great  irregulari- 
ties ; and  it  is  impofiible  to  form  any  general  rules 
for  determining  iuch  irregularities* 

The  unequal  quantities  of  water  (arifing  from 
rains,  from  the  melting  of  fnow,  &c.)  which  are 
conveyed  by  rivers  at  different  Jeafons,  enlarge  or 
contrad  their  widths,  render  them  more  or  lefs 
rapid,  and  change  more  or  lefs  the  form  of  their 
beds.  But  independent  of  this,  the  fize  and  form 
of  a river  is  liable  to  be  continually  altered  by  the 


Afiatic  R ivers  : 


Indus  — — 

— 

5 i 

Euphrates  — — 

~ 

CO 

N]H 

Ganges  — — 

— 

95 

Buriampooter  — - 

— 

9k 

Nou  Kian,  or  Ava  River 

— . 

9k 

Jennifea  — — . 

• — 

10 

Oby  — . — 1 

— 

10  £ 

Amoor  — - — 

__ 

1 1 

Lena  — — 

_ 

n k 

Hoanho  (of  China)  — 

— 

13  f 

Kian  Keu  (of  ditto)  — - 

— 

African  River : 

Nile  _ __ 

. 

12  k 

American  Rivers  : 

Miffifipi  __  _ 



8 

Amazons  . — 

— 

15? 

ufual 
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ufual  flowing  of  its  waters,  and  by  local  peculiarities. 
The  water  conflandy  corrodes  its  bed  wherever  it 
runs  with  confiderable  velocity, and  rubs  oft  the  land, 
or  other  not  very  coherent  parts.  The  corrofion  is. 
more  remarkable  in  that  part  of  the  bottom,  which  is 
under  th e.  thread  of  the  river,  or  where  the  water  de- 
fcends  luddenly  from  an  eminence,  as  in  a crfcade  or 
water-fall.  The  fand  thus  railed  is  dep&fited  in  places 
where  the  water  flacks  its  velocity,  and  there  by 
degrees  an  obstacle,  a bank,  and  even  an  ifland,  is 
formed,  which  in  its  turn  produces  other  changes. 
Thus  a river  fometimes  forms  itlelf  a new  bed,  or  it 

9 

overflows  the  adjacent  grounds. 

In  fome  places  we  find  that  an  obflacle,  or  a bent 
on  one  fide  will  occafion  a corrofion  on  the  oppoflte 
bank,  by  dire  (filing  the  impetus  of  the  fltream  to- 
wards that  bank.  Thus,  from  divers  caules,  whole 
concurrence  in  different  proportions,  and  at  different 
times,  forms  an  infinite  variety,  the  velocity  of  rivers 
is  never  Ready  or  uniform. 

<e  One  of  the  principal  and  mod  frequent  caiifes,” 
fays  the  very  able  Profejfor  Venturi , “ of  retardation 
“ in  a l iver,  is  alio  produced  by  the  eddies  which 
“ are  inceffantly  formed  in  the  dilatations  of  the  bed, 
“ the  cavities  of  the  bottom,  the  inequalities  of  the 
« banks,  the  flexures  or  windings  of  its  courfe,  the 
“ currents  which  crol's  each  other,  and  the  ftreams 
“ which  flrike  each  other  with  different  velocities.  A 
“ confiderable  part  of  the  force  of  the  current  is  thus 

“ employed 
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" employed  to  reflore  an  equilibrium  of  motion, 
“ which  that  current  itfelf  does  continually  de- 
<e  range 

The  ufe  of  rivers  is  immenfe. — T hey  fertilize 
the  ground  ; — they  fupply  mankind  and  other  ani- 
mals with  water,  an  article  abfolutely  necefiary  to 
life  ; — they  ferve  as  tools  for  a variety  of  purpofes, 
fuch  as  for  giving  motion  to  mills,  pumps,  and  other 
engines ; they  ferve  for  conveying  the  articles  of 
commerce,  and  for  facilitating  the  intercourfe  be- 
tween inland  countries.  But  I need  not  enlarge  on 
a fubjedt,  which  is  too  obvious  to  need  illuflration, 
and  which  in  the  hands  of  many  able  writers,  has 
often  been  adduced  as  a proper  inRance  of  the  infi- 
nite wifdom  of  Providence  f. 

II.  The  running  of  water,  or  other  fluid,  out  of 
a veflfel,  or  refervoir,  through  any  aperture,  is  like- 
wife  influenced  by  fome  of  the  above-mentioned 
caufes  of  retardation,  as  alfo  by  ether  peculiar  cir- 
cumftances. 

The  ftream  of  water  which  iflues  out  of  a hole, 
tends  to  carry  away  in  its  direction  any  other  fluid, 
or  any  fufficiently  light  folids,  which  may  happen  to 


# Exp.  Enquiries  on  the  lateral  communication  of 
'Motion  to  Fluids. 

f For  farther  information  refpedting  rivers,  fee  s’Grave- 
fande’s  Nat.  Phil.  B.  III.  chap.  x.  Rennell’s  Account  of  the 
j-anges,  See.  in  the  Phil.  Tranf.  vol.  7 is1.  Guilielmini, 
Bella  Natura  de  Fiumi,  &c, 
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be  near  it.  This  is  what  Profefl'or  Venturi  calls 
the  lateral  communication  of  motion  in  fluids.  But  by 
this  lateral  communication  of  motion  to  contigu- 
ous bodies,  the  celerity  of  the  fluid  itfelf  is 
checked  more  or  lefs,  and  its  courfe  is  partly 
diverted  from  the  courfe  which  it  would  otherwife 
fellow. 

Thus  in  fig.  10.  Plate  XII.  which  reprcfents 
the  upper  furface  of  two  veflels  contiguous  to  each 
other,  and  full  of  water,  as  high  as  the  hole  or  aper- 
ture A.  — If  by  pouring  more  water  into  the  veflel 
B,  a ft  re  am  of  water  be  caufed  to  flow  through  A, 
into  the  veflel  C ; this  flu  earn  will  carry  away  the 
water  from  the  parts  e e , towards  C.  But  the  de- 
preftion,  or  deficiency,  of  water  at  e e , is  replaced 
by  the  water  from  the  adjacent  parts  d d,  which  are 
replenifhed  from  the  next,  and  fo  on.  This  pro- 
duces eddies  at  e d,  e d.  This  phenomenon  may 
be  rendered  more  apparent  if  a little  milk  be  at 
times  thrown  into  the  veflel  B,  or  if  light  and 
imall  bodies  float  on  the  furface  of  the  water. 

When  a ftream  comes  out  of  a hole,  as  at  A, 
fig.  11.  Plate  XII.  if  a thread,  a feather,  or  other 
light  body  be  placed  very  near  it,  the  tendency  of 
the  ftream  to  carry  it  away  towards  B,  may  be 
clearly  perceived.  — The  following  experiment  will 
fliew  this  property  in  a manner  ftill  more  con- 
vincing. 

Let  a veflel  be  made  in  the  form  of  the  lateral 
view  ADB,  fig.  12.  Plate  XII.  viz.  open  ac 
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:top,  and  having  one  flant  fide.  Let  a cylindrical 
pipe  of  about  half  an  inch  in  diameter,  and  upwards 
of  a foot  long,  proceeding  from  a veflel  C,  come 
ftraight  down  into  the  veflel  AD  B,  and  there  let 
its  termination  F S,  be  bent  in  the  direftion  of  the 
flant  fide  B D.  This  done,  fill  the  veflel  ADB 
with  water,  then  pour  water  into  the  veflel  C ; fo 
that  the  water  running  down  the  pipe  EFS,  may 
form  the  jet  SK.  It  will  be  found  that  the  water 
of  the  veflel  ADB,  is  carried  away  by  the  dream, 
and  this  veflel  is  thereby  almofl  entirely  emptied. 

The  fame  communication  of  motion  may  be  per- 
ceived within  a tube ; as  is  fhewn  by  the  following 
experiment  ofProfeflbr  Venturi. 

To  an  aperture  on  the  fide  of  the  veflel  AB, 
fig.  13.  Plate  XII.  a pipe  CD,  1,6  inches  in 
diameter,  and  little  more  than  5 inches  long,  was 
adapted  in  an  horizontal  direction.  At  E,  diflant 
0,7  1 inches  from  the  fide  of  the  veflel,  a bent  glafs 
tube  EFG,  was  joined,  whofe  cavity  was  opened 
into  that  of  the  pipe,  whilA  its  other  extremity  was 
immerfed  in  coloured  water,  which  was  contained 
in  a fmall  veflel  G.  When  by  pouring  water  into 
the  veflel  A B,  a dream  was  made  to  flow  out  at  D, 
the  coloured  water  was  feen  to  rife  confiderably  in 
the  lower  leg  of  the  glafs  tube. 

This  experiment  being  repeated,  when  the  de- 
fending leg  FG  of  the  glafs  tube  was  only  6,4  inches 
longer  than  the  afcending  leg  E F.  The  coloured 
water  o(  the  veflel  G,  rofe  through  the  glafs  tube, 

N 2 and 
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and  mixing  with  the  other  water,  flowed  with  it 
out  of  the  pipe  at  D ; and  in  a fhort  time  the  vefiel 
G was  emptied. 

This  fort  of  faction  or  communication  of  mo- 
tion takes  place,  whether  the  difeharging  pipe  C D, 
be  directed  horizontally,  or  downwards,  or  up- 
wards*. 

When 


* In  a defeending  ftream  this  power  of  communicating 
motion  to  the  adjacent  bodies,  is  rendered  more  active  by,  or 
rather  it  may  be  better  explained,  on  account  of,  the  ten- 
dency that  a defeending  ftream  has  to  divide  itfelf  into  fe- 
parate  portions,  and  of  thepreflure  of  the  atmofphere.  This 
tendency  is  owing  to  the  acceleration  of  falling  bodies. 
Suppofe,  for  inftance,  that  there  comes  out  of  a hole  at  the 
bottom  of  a vefiel,  an  ounce  of  water  per  fecond  of  time ; 
then,  when  the  firll  ounce  has  been  falling  during  two  fe- 
conds,  it  mull  have  percurred  a fpace  equal  to  4 times  16 
feet  nearly ; whereas  the  fecond  ounce  of  water  having  come 
out  one  fecond  later,  has  been  falling  during  one  fecond 
only,  and  of  courfe  it  mull  have  run  through  1 6 feet  only; 
therefore  the  diftance  of  the  firft  ounce  of  water  from  the 
next  is  equal  to  3 times  16  feet. 

At  the  end  ot  three  feccnds,  the  firft  ounce  of  water  mull 
have  pafted  along  9 times  16  feet;  whilft  the  fecond  ounce 
of  water  has  pafi'ed  along  4 times  16  feet;  fo  that  the 
dillance  between  the  firll:  ounce  of  water  and  the  fecond, 
now  is  5 times  16  feet;  which  one  fecond  before  was  only 
3 times  16.  Therefore  the  two  ounces  of  water,  or  any 
contiguous  parts  of  the  defeending  ftream  (for  the  fame 
reafoning  may  be  evidently  applied  to  any  portions,  or  to 

the 


Of  the  Motion  of  Fluids , £sV.  1 8 1 

When  water  runs  out  of  an  aperture  on  the  thin 
fide  or  bottom  of  a veffel,  as  at  A,  fig.  1 1.  Plate 
XII.  the  fize  of  the  aperture  being  very  finall  in 


the  Ample  particles,  of  a fluid,  and  to  any  portions  of  time) 
have  a conftant  tendency  to  feparate,  and  they  do  aiftuaily 
feparate  into  irregular  maffes,  when  the  ftream  defeends 
through  a fufficient  fpace  ; and  at  the  fame  time  the  air  forces 
in  any  contiguous  bodies  that  are  fuflaciently  moveable,  or 
introduces  itfelf  between  the  interlaces,  and  is  driven  down- 
wards by  the  fucceeding  parcels  of  water. 

This  is  the  reafon  which,  when  a fluid,  (fuch  as  beer, 
&c.)  is  poured  out  of  one  veflel  into  another  in  a long 
ftream,  mixes  a confiderable  quantity  of  air  with  the  liquor, 
.and  produces  the  froth.  Upon  this  principle  the  machine 
for  blowing  the  fire  of  a furnace,  by  means  of  a fall  of  water, 
is  conftrudted,  as  will  be  deferibed  in  the  fequel. 

The  refiftance  of  the  air,  the  adhefion  of  water  to  water, 
and  the  various  fhape  of  the  ftream,  render  the  feparation  of 
its  parcels  not  very  regular,  and  generally  fpread  or  divide 
into  longitudinal  filaments. 

The  rain-water  which  in  fome  places  flows  from  the  tops 
of  houfes  through  fpouts,  and  falls  in  the  ftreets,  in  its  fail 
separates  into  parcels,  and  ftrikes  the  ground  with  diftinot 
blows  and  ample  furface. 

“ I went,”  fays  ProfeJJor  Venturi,  to  the  foot  of  the  cafcades 
“ which  fall  from  the  glaciere  of  la  Roche-Melon,  on  the 
K naked  rock  at  la  Novalefe,  towards  Mount  Cenis,  and 
t:  found  the  force  of  the  wind  to  be  fuch  as  could  fcarcely 
K t>e  withftood.  It  the  calcaJe  tails  into  a bafin,  the  air  is 

carried  to  the  bottom,  whence  it  rifes  with  violence,  and 
,£  difperfes  the  water  all  round  in  the  form  of  a mift.” 

N 3 
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proportion  to  the  fide  or  bottom  of  the  vefiel;  the 
dream  A B,  is  not  tliroughout  of  the  fhape  of  the 
aperture,  nor  is  it  of  an  uniform  fize.  When  the 
aperture  is  circular,  the  didance  of  the  narrowed 
part  of  the  dream,  from  the  infide  furface  of  the 

vefiel,  is  about  equal  to  the  diameter  of  the  aper* 

\ 

ture.  This  narrowed  part  of  a dream  has  been 
called  the  contracted  vein  ( vena  contract  a by  New- 
ton) from  which  place  forwards  the  dream  grows 
larger,  and  fometimes  divides  itfelf  into  different 
parcels. 

The  diameter  of  the  contradted  vein  ; that  is, 
of  the  narrowed  part  of  the  dream,  is  fubjedt  to  a 
little  variation  ; but  from  a mean  of  various  mea- 
furements,  it  appears  equal  to  81  hundredths  of  the 
aperture  ; fo  that  if  the  diameter  of  the  aperture  be 
one  inch,  the  diameter  of  the  vena  contract  a will 
be  o,8 1 of  an  inch  *. 

This  contradtion  of  the  dream  is  undoubtedly 
owing  to  the  various  diredlions  in  which  the  fluid 
comes  along  the  fides,  and  from  every  part  of  the 
vefiel,  towards  the  aperture,  as  is  indicated  by  fig. 
14.  Plate  XII.  and  in  fadt,  when  the  aperture  is 
very  large  in  proportion  to  the  fize  of  the  vefiel, 
the  contradtion  of  the  dream  is  not  fo  apparent. 
Alfo,  if  the  aperture  be  not  in  a plate  fufficiently 


* From  the  meafurements  of  Newton,  Polcni,  Miche- 
lotti,  Boflut,  and  Venturi. 

thin, 
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.thin,  the  contract  a will  not  be  perceived  ; for 

Ifince  the  diftance  of  that  contraction  from  the  inner 
furface  of  the  veflel  is  about  equal  to  the  diameter 
of  the  aperture.,  if  the  thicknefs  or  rather  the  length 
.of  the  aperture,  exceed  its  diameter,  as  when  a pipe 
is  added  to  the  aperture  ; then  the  contraction,  or 
the  tendency  to  form  the  contraction,  takes  place 
within  that  thicknefs,  or  within  that  length  of 
pipe. 

The  various  filaments  of  the  fluid,  which  run 
from  every  part  of  the  veflel  in  oblique  directions 
towards  the  aperture,  partly  crofs  each  other  at  the 
vena  con  trad! a ; and  this  eroding,  or  tendency  to 
crofs,  is  one  of  the  caufes  which  enlarge  the  dream 
beyond  that.pdace. 

The  velocity  of  the  water  is  not  the  fame  in 
^every  part  of  the  ftream ; for  fince  the  fame 
quantity  of  water  muft  pafs  through  every  tranf- 
verfe  feCtion  of  it  in  a given  time,  the  velocity 
muft  be  inverfely  as  the  area  of  each  tranfverfe 
leCtion.  Therefore  at  the  vena  contraffa  the  ve- 
locity is  greater  than  at  the  aperture.  Now  it  has 
been  found  from  experiments,  that  the  velocity  of 
the  fluid  at  the  aperture,  luppofing  this  to  be  cir- 
cular, and  to  be  made  in  a very  thin  plate,  is  very 
nearly  fuch  as  a body  wquld  acquire  by  falling 
perpendicularly  from  an  altitude  equal  to  half  the 
perpendicular  height  of  the  fluid  in  the  veflel, 
.above  the  centre  of  the  aperture ; and  that  the  ve- 
locity at  the  vena  contrahta  is  fuch  as  a body  would 

n 4 acquire 
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acquire  by  failing  perpendicularly  from  that  whole 
height  (2.) 

If  to  the  circular  aperture  on  the  fide  of  a vefiel, 
there  be  applied  a cylindrical  pipe  of  the  fame 
diameter,  and  whofe  length  is  equal  to  from  two  to 


(2.)  The  velocity  of  the  fluid  at  the  aperture  maybe 
deduced  from  the  quantity  of  fluid  which  is  found  upon 
trial  to  be  difchargcd  in  a given  time  ; and  this  is  to  be  done 
in  the  following  manner. 

Call  the  area  of  the  aperture  a ; let  q reprefent  the  quan- 
tity of  fluid  which  has  been  difcharged  in  the  time  t , which 
means  the  number  of  feconds  of  time  ; and  let  * exprefs  the 
velocity  ; that  is,  the  fpace  defcribed  in  one  fecond  of  time. 
Then  imagining  that  all  the  fluid  q is  formed  into  a cylinder, 
whofe  bafe  is  a , and  height  h , we  fhall  have  q — ah  j 

whence  h — ■— ; fo  that  the  fluid  with  the  firfl  velocity 

jc,  would  have  run  through  the  height  of  the  cylinder,  viz. 

through  the  f — in  the  time  r.  Therefore,  t"  : 1"  : : 

— : - ^ — — the  fpace  defcribed  in  one  fecond,  or  x,  the 
a at 

velocity  fought. 

The  proportion  between  the  velocity  at  the  vena  con- 
tratta,  and  at  the  aperture,  is  found  by  faying,  as  the  area  of 
the  former  is  to  the  area  of  the  latter,  fo  is  the  velocity  at  the 
aperture  to  the  velocity  at  the  vena  contrast  a ; viz.  (fince  thofe 
areas  are  nearly  fimilar,  and  fimilar  areas  are  to  each  other  as 
the  fquares  of  their  homologous  fides,  or  of  their  diameters) 
c,8ib  :T>  : : 0,6561  : 1 : : 1 : 1,52,  which,  the  reader 
js  requefted  to  obferve,  is  nearly  the  ratio  of  I :/  2 ; the 
fquare  root  of  2 being  1,414,  &c. 


four 
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four  times  that  diameter,  as  A B,  fig.  15.  Plate 
XII.  then  a greater  quantity  of  water  will  be 
difcharged  through  it  than  through  the  fimple  aper- 
ture in  an  equal  portion  of  time,  every  other  cir- 
cumftance  remaining  the  fame  ; the  quantities  of 
fluid  difcharged  in  thole  two  cafes  being  as  133  to 
100  nearly. — The  pipe  A B,  or  any  other  prolon- 
gation of  whatever  fhape  it  may  be,  which  is  adapt- 
ed to  the  aperture  of  a vefi'd,  &c.  has  been  called 
the  adjutage , probably  from  its  property  of  promot- 
ing the  difcharge  cf  fluid. 

It  has  been  alfo  obferved,  that  the  difcharge  in  a 
given  time  is  the  fame,  whether  the  aperture  be 
furnifhed  with  the  above-mentioned  cylindric  pipe, 
or  with  the  pipe  reprelented  in  fig.  16.  Plate  XII. 
which  differs  from  the  former  only  by  its  having, 
clofe  to  the  fide  of  the  vefiel,  a contraction  nearly 
of  the  fhape  of  tire  contradict!  vein. 

If  the  laft  mentioned  pipe  be  cut  off  at  the  con- 
traction, and  the  firff:  conical  part  only  be  left  affixed 
to  the  aperture,  as  in  fig.  17.  Plate  XII.  then  the 
difcharge  of  water  is  rather  lefs  than  from  a fimple 
aperture  ; but  it  is  probable  that  it  would  be  quite 
the  fame,  were  it  poffible  to  make  the  conical  adju- 
tage exadtly  of  the  flrape  of  the  natural  contracted 
vein  : exceDtino;  however  the  effebt  of  fridtion. 

If  to  this  conical  part  a cylindrical  tube  of  the 
diameter  of  the  lrr.all  part  of  tire  conical  pipe,  be 
applied,  as  in  fig.  18.  Plate  XII.  the  difcharge 
of  fluid  will  thereby  be  dimimlhed,  and  more  lb 

. according 
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according  as  the  length  of  the  cylindrical  part  is  in- 
crea  fed. 

If  to  the  finall  conical  part  of  the  adjutage, 
fig.  17.  a diverging  pipe,  viz.  another  conical 
tube  be  applied,  as  in  fig.  T9.  Plate  XII.  the 
difeharge  of  water  will  thereby  be  increafed  within 
a certain  limit*.  And  if  between  thofe  two  coni- 
cal parts  a cylindric  tube  be  interpofed,  as  in 
fig.  20.  then  the  difeharge  is  diminifhed  again ; 
but  not  nearly  fo  much  as  if  the  outer  conical  part 
were  removed  f. 

A re- 


* Experience  fhews  that  the  divergency  of  this  termina- 
tion mud  not  he  increafed  bevond  a certain  degree , for  in 
that  cafe  it  will  prove  rather  difadvantageous  than  ufeful.  It 
appears  that  when  the  divergency  is  greater  than  an  angle 
of  j6  degrees,  the  effect  ceaies  entirely;  and  that  the  greateft 
effect  takes  place;  that  is,  the  greateft  quantity  of  fluid  is 
difeharged,  when  the  divergency  is  equal  to  an  angle  of  about 
three  degrees. 

f I he  efiedfs  produced  by  the  above-mentioned  ad- 
jutages, and  the  exatft  quantity  of  water  which  is  dif- 
eharged through  certain  apertures,  may  be  derived  from 
the  refults  of  Pro’fefl'or  Venturi’s  Experiments,  which  are 
concifely  fubjoined. — The  meafurcs  are  Englifla,  except  the 
contrary  be  expreffed. 

The  fame  quantity  of -water  (viz.  4 French  cubic  feet, 
equal  to  4,8 4.5  Englifh  cubic  feet)  flowed  out  of  the  fame 
vend,  or  relervoir,  v.'hich  was  kept  conftantly  full,  through 
the  following  adjutages,  in  the  annexed  times,  which  are  ex- 
preffed  in  feconds.  The  altitude  of  the  water  in  the  veflel 

above 
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A remarkable  advantage  is  derived  from  the 
knowledge  of  this  fad,  which  is,  that  when  water  is 
conveyed  through  a flraight  cylindrical  pipe  of 
whatever  length  it  may  be,  the  difchargc  of  water 
may  be  increaled  by  only  altering  the  fit  ape  of  the 
terminations  of  that  pipe,  viz.  by  making  the  end  of 

the 


above  the  level  of  the  centre  of  the  outer  aperture  of  the  ad- 
jutage was  always  equal  to  32,5  French  inches,  or  34,642 
Ensdifh  inches. 

O 

Through  a fimple  circular  aperture,  in  a thin 
plate,  the  diameter  of  the  aperture  being 
equal  to  1,6  inches,  in  — — 

Through  a cylindrical  tube  of  the  fame  diameter 
as  above,  and  4,8  inches  long.  Fig.  15.  in 
Through  the  tube,  fig.  16.  which  differs  from 
the  preceding,  by  having  the  contraction  in 
the  fliape  of  the  natural  contracted  vein,  in 
Through  the  fnort  conical  adjutage,  fig.  17. 
which  is  only  the  firft  conical  part  of  the  pre- 
ceding, in  — — — 

Through  the  pipe,  fig.  18.  which  confifts  of  a 
cylindrical  tube,  adapted  to  the  fmall  conical 
end  of  fig.  17.  and  of  that  diameter,  A I) 
being  3,2  inches  long,  in  • — — 

through  the  like  adjutage,  but  longer,  AD 
being  12,8  inches,  in  — — 

Through  the  like,  Hill  longer,  A D being  25,6 

inches,  in  — 

7 hrough  the  adjutage,  fig.  22.  which  confifls 
of  the  fimple  tube  of  fig.  15.  placed  over  the 
conical  part  of  fig.  17.  in  — 


41". 

3 1". 
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the  pipe,  which  is  clofe  to  the  rcfervoir,  or  the  en- 
trance to  it,  of  the  fhape  of  the  contracted  vein, 
(as  at  A,  fig.  21.)  the  dimenfions  of  which  have 
been  fiated  in  p.  182;  and  by  making  the  other 
extremity  BC  of  the  pipe,  in  the  fhape  of  a trun- 
cated cone,  whofe  length  BC  may  be  equal  to  nine 
times  the  diameter  of  the  cavity  at  B;  and  whofe 
aperture  at  C may  be  larger  than  the  diameter  at  B, 
in  the  ratio  of  18  to  10. — By  this  means  the  quan- 
tity of  water  which  is  difcharged  in  a given  time, 
will  be  more  than  doubled  ; viz.  the  quantity  of 
water  difcharged  by  the  fimple  cylindric  pipe,  is  to 
the  quantity  of  water  which  is  difcharged  by  the 
fame  pipe  with  the  above-mentioned  conical  termi- 
nations, as  10  is  to  24  nearly. 

The  eftedt  of  the  above-mentioned  adjutages  is 
the  fame,  whether  they  be  adapted  to  the  fide  or  to 
the  bottom  of  the  vefiel,  or  in  any  other  di- 
redtion,  provided  every  other  circumftance  be  the 
fame ; fuch  as  the  capacity  and  form  of  the 


Through  the  double  cone,  fig.  19.  the  dimen- 
iions  of  which  are,  AB  — EF  = i,6  inches, 

AC  r 0,977  inches,  CD  — 1,376  inches, 
and  the  length  of  the  outer  cone  —4,351 
inches,  in  — — 27  ,5. 

Through  the  adjutage,  fig.  20.  conlifting  of  a 
cylindrical  tube  3,2  inches  long,  and  1,376 
inches  in  diameter,  interpofed  between  the 
two  conical  parts  of  the  preceding,  in  — - 28'.  5. 

refer  voir. 


Of  the  Motion  of  Fluids,  &c.  189 

refervoir,  the  altitude  of  the  water  above  the  level 
of  the  centre  of  the  ohter  opening  of  the  adju- 
tage, &c. 

All  flexures,  and  all  forts  of  internal  contractions, 
elongations,  enlargements,  and  projections,  of  the 
conducing  pipe,  diminifh  the  quantity  of  difcharge 
more  or  lefs,  according  to  the  number  and  form  of 
fuch  irregularities,  fharp  angular  bendings  hin- 
dering the  motion  of  the  fluid,  more  than  thofe 
of  a regular  curvature.  The  caufe  of  this  retarda- 
tion is  undoubtedly  owing  to  the  eddies,  and  to  the 
croflings  of  the  various  filaments  of  the  fluid,  which, 
according  to  what  has  been  faid  above,  mivft  ne.- 
ceflarily  take  place  at  thofe  irregularities.  This  may 
be  rendered  fufficiently  evident,  if  an  irregular  glafs 
pipe  be  applied  to  a pretty  large  veflel  full  of  water, 
and  with  the  water  there  be  mixed  fome  particles  of 
pounded  amber,  or  other  fubftance,  whofe  fpecific 
gravity  differs  but  little  from  that  of  water. — -All  ed- 
dies  and  crofs  directions  muff  unavoidably  deftroy 
part  of  the  moving  force. 

Whenever  an  irregularity  of  the  fhape  of  the 
aperture,  or  fome  particular  conformation  of  the 
veflel,  compel  the  particles  of  the  fluid  to  run  ob- 
liquely towards  an  aperture,  a circular  motion  is 
foon  communicated  to  the  fluid,  and  an  hollow 
whirl  is  formed  above  the  aperture.  By  the  circu- 
lar motion  the  particles  of  the  fluid  acquire  a cen- 
trifugal force,  in  confequence  of  which  they  tend  to 
recede  from  the  centre  or  from  the  axis  of  motion, 

where 
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where  of  courfe  a hollow  is  formed,  which  is  larger 
or  lmaller,  according  as  the  rotation  of  the  fluid  '19 
more  or  lefs  rapid.  When  this  whirling  motion  is 
pretty  confiderable,  if  any  light  bodies  float  upon  it, 
thole  bodies  will  be  readily  drawn  downwards  to- 
wards the  aperture;  for,  fince  the  fpecific  gravity 
of  the  fluid  is  greater  than  that  of  the  bodies,  the 
fluid  will  acquire  a greater  degree  of  centrifugal 
lorce,  and  will  recede  farther  than  thofe  bodies 
from  the  axis  of  the  whirl.  See  chap.  IX.  of 
Part  I. 

III.  The  laws  of  projectiles,  which  have  been 
explained  at  the  end  of  the  firit  part  of  thefe  ele- 
ments, are  applicable  to  fluids  as  well  as  to  folids, 
excepting  feme  peculiarities  which  are  eafily  fug- 
gefted  by  the  nature  of  fluids.  Therefore  the  prin- 
cipal phenomena  relative  to  the  direction,  and  the 
length  of  a ftream  of  fluid  which  iflues  out  of  an 
aperture,  may  be  determined  by  the  laws  of  pro- 
jectiles. 

When  fluids,  like  folids,  are  projected  in  an  ob- 
lique direction,  they  deferibe  parabolic  paths ; for 
they  are  at  the  fame  time  aCted  upon  by  the  pro- 
jectile force,  and  by  the  force  of  gravity,  except- 
ing the  deviation  from  that  parabolic  curve  which 
is  occafioned  by  the  refiftance  of  the  air.  But  when 
they  are  projected  perpendicularly  upwards  or 
downwards,  then  they  move  in  llraight  lines  ; and 
vet  thofe  llraight  lines  might  be  confldered  as  para- 
bolas grown  infinitely  nariow. 


When 
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When  a fluid  comes  out  of  a hole  in  the  thin  fide 
of  a veflel,  the  velocity  of  projection  muft  be 
reckoned  equal  to  that  ot  the  vena  contrafta  which 
is  very  near  the  aperture,  and  not  to  that  of  the  fluid 
at  the  aperture  itfelf.  Therefore  this  velocity  of 
projection  is  as  the  fquare  root  or  the  perpendicular 
altitude  of  the  water  above  the  centre  of  the  orifice, 
(fee  p.  183)5  whereas  the  velocity  of  the  aper- 
ture itfelf  is  as  the  fquare  root  of  half  that  altitude: 
and  this  feems  to  be  fufficiently  warranted  by  the  re- 
fult  of  experiments. 

But  when  a pipe  is  adapted  to  the  aperture,  then 
the  velocity  of  projection  is  not  fo  great;  for  in 
this  cafe  there  is  no  contraction  of  the  dream. 

Independent  of  this  circumflance,  the  velocity  of 
projection,  and  the  diftance  to  which  the  jet  can 
reach,  are  influenced  by  other  circumftances;  viz. 
1.  By  the  friction  againit  the  fides  of  the  pipe  or 
aperture.  1.  By  the  refinance  of  the  air,  in  con- 
fequence  of  which  the  jet  is  obltruCted  throughout, 
and  is  divided  at  fome  unafcerrainable  diftance 
from  the  aperture.  3.  By  the  weight  of  the  fluid 
itfelf;  for  when  the  higheft  particles  of  a perpendi- 
cular jet  ceafe  to  have  motion,  as  alfo  in  their  defeent, 
they  prefs  upon  the  afeending  column. 

From  the  friction  again  ft  the  fides  of  the  pipe, 
and  even  of  the  edge  of  the  aperture  in  a thin 
plate,  various  parts  of  the  fame  jet  acquire  different 
velocities,  but  in  virtue  of  the  attraction  of  water 
to  water,  and  of  the  lateral  communication  of  mo- 


tion 
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tion  which  ariies  therefrom,  the  whole  jet  prefently 
acquires,  and,  for  a certain  length  at  leaft,  pro- 
ceeds with  the  fame  velocity  in  every  part  of  a 
tranfverfe  feCtion.  But  this  velocity  is  a mean  of 
the  different  velocities  with  which  the  various 
parts  of  the  jet  come  out  of  the  aperture  ; for  whilft 
the  filaments  of  greater  celerity  afiift  the  motion  of 
thofe  which  have  a lefier  celerity,  the  latter  tend  to 
retard  the  former  : therefore  it  fnould  feem  that 
with  a larger  aperture,  every  thing  elfe  remaining 
the  fame,  the  velocity  of  projection  mult  be  greater 
than  with  a fmaller  aperture ; and  this  is  true  to  a 
certain  degree.  But  then  another  circumflance  in- 
terferes, which  is  the  refiftance  of  the  air;  fora 
larger  jet,  by  prefenting  an  ampler  furface  to  the 
air,  is  liable  to  be  divided  by  it,  and  by  this  divifion 
the  furface  is  increafed  confiderably,  which  renders 
the  refiftance  of  the  air  much  greater  ; that  refift- 
ance being,  ceteris  paribus , proportionate  to  the 
furface. 

Now  all  thofe  circumftances,  namely,  the  friction 
again  ft:  the  fides  of  the  aperture  ; the  divifion  of  the 
ftream,  which  increafes  not  only  according  to  the 
fize  of  the  jet,  but  likewife  according  to  its  initial 
velocity;  and  the  refiftance  of  the  air,  are  fo  very 
fluctuating,  that  it  is  impoflible  to  fubjeCt  them  to 
calculation. 

Experience  only  can  inform  us  of  the  effeCts 
which  maybe  expeCted  in  certain  circumftances: 
yet  as  the  experiments  can  hardly  ever  be  repeated 
q under 
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under  the  fame  circumftances  precifely,  the  laws 
which  are  deduced  from  their  general  refults,  muft 
always  be  admitted  with  fome  latitude. 

If  a veflel  or  refervoir  of  water  be  conftrudted 
fome  what  like  the  reprefentation  of  fig.  22.  PI.  XIT- 
and  a hole  be  made  in  the  thin  fide  at  A,  the  water 
which  iflues  out  of  it  will  afcend  in  a perpendicular 
let,  enlarging  and  dividing  ltlclf  towards  the  top  ; 
but  it  will  not  rife  fo  high  as  the  level  of  the  furface 
B of  the  water  in  the  veflel  j and  it  will  rife  fcill 
lefs  high,  if  a pipe  be  adapted  to  the  aperture,  as 
in  fig.  23.  or  if  a bent  pipe  proceed  from  a veflel,  as 
in  fig.  24.  which  is  owing  to  the  above-mentioned 
caufes  of  obftrudtion ; and  in  fa 61  by  removing  thole 
caufes,  at  lead  in  part,  the  height  of  the  jet  may  be 
increafed  ; obferving  however  that  it  can  never  be 
made  to  equal  the  height  of  the  water  in  the  re- 
fervoir. 

Thus,  if  the  fpout  or  aperture  be  inclined  a 
little,  viz.  fo  as  not  to  make  the  jet  quite  perpendi- 
cular, the  water  will  afcend  higher,  becaufe  in  this 


cafe  the  defending  water  will  not  prefs  upon  the 
afcending  column.  — If  a pipe  proceed  from  the 
veflel,  as  in  fig,  24.  then  the  pipe  fhould  be  made 
large  in  proportion  to  the  aperture,  becaufe  in  that 
cafe  the  water  will  move  very  flowly  through  the 
pipe,  in  proportion  to  what  it  does  out  of  the  aper- 


ture, and  of  coiirle  the  friction  will  be  much  lefs 
than  fl  the  pipe  and  the  aperture  were  both  of  the 
fame  diameter.  It  is  alfo  for  the  fame  reafon  that 
the  jet  will  afcend  higher  when  the  conduit  pipe  is 
V0L-  it.  o fhort 


o 
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fhort  than  when  it  is  long ; and  that  the  common 
figure  of  the  pipes,  from  which  the  water  fpouts, 
which  is  that  of  a truncated  cone  of  confiderable 
length,  will  not  let  the  jet  afcend  fo  high,  nor  be  fo 
uniform  and  tranfparent,  as  if  a large  tube  were  co- 
vered with  a fiat  plate,  and  a fmooth  hole  for  the 
exit  of  the  water  were  made  in  the  middle  of  that 
plate. 

By  enlarging  the  aperture,  the  friction  againft: 
the  fides  is  diminifhed  ; but  the  friction  or  apport- 
ion of  the  air  is  increafed.  Therefore  as  long  as 
the  former  is  diminifhed  fafter  than  the  latter  is  in- 
creafed, the  jet  may  be  made  to  afcend  higher  and 
higher  by  enlarging  the  aperture  ; but  beyond  that 
limit  the  enlargement  of  the  aperture  will  not  in- 
creafe  the  height  of  the  jet.  Now  it  has  been  found 
from  a variety  of  experiments,  that  this  limit,  or 
maximum  of  efFeft,  takes  place  when  the  diameter 
of  the  circular  aperture  is  fomewhat  lefs  than  an. 

I v-V 

v inch  and  a quarter  ; fo  that,  ceteris  paribus,  the 

. . • . 

height  of  the  jet  will  be  lefs,  when  the  aperture  is 

either  larger  or  narrower. 

With  a higher  refervoir  full  of  water,  the  perpen- 
dicular, or  the  nearly  perpendicular,  height  of  the 
jet  is  greater  than  with  a lower  refervoir  ; but  this 
alio  has  a limit;  and  it  appears  from  a variety  of 
•experiments,  that  a jet  cannot  rife  higher  than 
about  100  feet,  be  the  height  of  the  water  in  the 
refervoir  ever  fo  meat.  For  the  higher  the  water 

O 

is  in  the  refervoir,  the  greater  is  the  velocity  at  the 

aperture  ; 


/ 
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aperture ; and  when  that  velocity  has  attained  a 
Certain  decree,  the  great  refiftance  of  the  air  breaks 
the  ftream  into  fmall  drops,  which  prefent  a vaft 
fur  face  to  the  air,  and  are  of  courfe  foon  checked  in 
their  motion  *. 

If  a femicircle,  as  A D M B,  fig.  25-  XII. 
be  drawn  upon  the  perpendicular  fide  A B (as  a 
diameter)  of  a vefiel  A K I B,  which  is  kept  con- 
ftantly  full  of  water  ; and  if  a hole  be  made  in 
the  thin  fide  of  the  vefiel,  as  at  C ; alfo  a line, 
CD  be  drawn  parallel  to  the  horizon  from  the  hole 
to  the  femicircle ; then  the  fluid  which  iflues  from 
the  hole  C,  will  form  a jet  in  the  parabolic  curve 
C and  will  fall  upon  the  horizontal  line  B F,  at  a 


* A Table  of  the  Heights  to  which  jets  of  little  more  than 
an  inch  in  diameter  have  been  found  to  rife  in  a direction 
nearly  perpendicular,  when  the  altitudes  of  the  water  in 
the  refervoirs  are  from  five  to  100  feet. 
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diftance  BE  from  the  veUel,  which  is  equal  to 
twice  the  length  of  the  line  CD. — The  diftance  BE 
is  called,  as  in  folid  projectiles,  the  amplitude  of 
the  jet. 

This  however  muft  be  underftood  for  refervoirs 
or  veficls  of  fmall  heights,  where  the  effect  of  the  re- 
fiftance  of  the  air  is  inconfiderable  ; otherwife  the 
deviation  from  the  above-mentioned  law  is  great  and 
uncertain  (3.) 

It  evidently  follows,  that  when  the  hole  is  made 
at  H,  viz.  in  the  middle  of  the  altitude,  then  the 
amplitude  BF,  or  the  diftance  from  the  bottom  B 


(3.)  In  Prop.  I.  of  the  note  to  the  laft  Chapter  of 
Part  I.  it  has  been  demonftrated,  that  the  velocity  of  a pro- 
jedtile  in  any  point  of  the  parabolic  path,  is  the  fame  as  it 
would  be  acquired  by  falling  perpendicularly  along  one 
quarter  of  the  parameter  belonging  to  that  point  as  a ver- 
tex. It  has  alfo  been  fhown,  that  the  fluid  which  comes  out 
of  the  hole  C,  deferibes  the  parabola  C E,  and  that  its  velo- 
city at  the  vena  contra£la , which  is  very  near  the  aperture, 
is  the  fame  as  it  would  acquire  hy  falling  perpendicularly  from 
A to  C ; therefore  A C is  the  fourth  part  of  the  parameter 
whicu  belongs  to  the  vertex  C of  the  parabola  C E.  Now 
one  of  the  propeities  of  the  parabola  is,  that  the  fquare  of  its 
brdinate  is  equal  to  the  product  of  t ie  correfponding  abfcifl'i 
multiplied  by  the  parameter;  thereforp  BEffrr^AC  xCH; 
hence  BE  ~ 2 v/  A C x C B ; and  \ BE  ~ v'  A C xt  if. 
But  by  the  property  of  the  circle  (Eucl.  p.  35.  Book  111.) 
CACTTjT  - C D.  Therefore  \ B E = C D.— This 
leafoniug  is  evidently  applicable  to  any  point  in  the  f.de 
AB. 
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of  the  veffel,  where  the  jet  will  ftnke  the  horizontal 
plane,  is  the  greateft  poiTible.  Alfo  that  when  a 
hole  is  made  at  an  equal  distance  from  the  bale,  as 
at  L,  that  another  hole  is  from  the  top  of  the  refer- 
voir,  as  at  C ; the  amplitudes  will  be  equal,  viz.  the 
jets  will  ftrike  the  horizontal  plane  in  the  fame  point 
E ; becaufe  in  that  cafe  the  line  C D is  equal  to  the 
line  LM. 

When  the  initial  direction  of  the  jet  is  neither 
perpendicular  nor  parallel,  but  oblique,  to  the  ho- 
rizon, then  its  parabolic  path  differs  in  altitude, &c. 
according  to  the  angle  of  inclination.  But  the  va- 
rious  particulars  which  belong  to  it  may  be  deter- 
mined from  the  theory  of  projectiles,  which  has 
been  delivered  in  the  laft  chapter  of  the  firft  part 
of  thele  elements ; obferving  however  that  thofe 
theoretical  refults  are  nearly  true  for  fhort  diftances 
only  j but  that  when  the  diftances,  fize  of  the  jet, 
&c.  are  more  confiderable,  then  nothing  but  aClual 
experiments  can  determine  the  refult*. 


* For  farther  particulars  relative  to  the  fubjedt  of  this 
chapter,  fee  s’Gravefande’s  Nat.  Phil. ; Boifut’s  Hydio- 
dyns. ; De  Prony’s  Architect.  Hydraulique  ; Venturi  on 
the  lateral  communication  of  motion  in  fluids;  Vince’s 
Hjdroftatics,  &c.  as  alfo  moft  of  the  other  works  which 
ate  mentioned  in  thr  note,  p.  113,  at  the  end  of  chap.  IV* 
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CHAPTER  VIII. 


OP  PNEUMATICS,  OR  PERMANENTLY  ELASTIC 
FLUIDS  ; OF  THE  ATMOSPHERICAL  AIR  ; AND 
OF  THE  BAROMETER. 


HE  whole  globe  of  the  earth  is  furrounded 


-3-  by,  or  is  involved  in,  a fluid,  called  a'tr, 
which  though  not  perceived  by  our  eyes,  is,  how- 
ever, manifefted  in  various  ways.  This  fluid  fills 
up  the  fpace  from  the  furface  of  the  earth  to  the 
height  of  feveral  miles  above  it,  and  the  whole  in  a Is 
of  it  is  called  the  atmofphere. 

As  fifhes  are  furrounded  by  water,  and  live  and 
move  in  water,  fo  are  we  human  beings,  and  all 
other  animals,  furrounded  by  air,  and  live  and  move 


in  air, 


A fifh  which  is  taken  out  of  the  water,  will  die 
in  a fhort  time,  and  a human  being,  or  any  animal 
taken  out  of  the  aerial  fluid,  will  in  general  die 

much  fooner. 

Water  gravitates  towards  the  centre  of  the  earth, 
and  fo  does  the  air*.  Hence,  as  a fifh  or  other  body 
in  water  is  prciTcd  on  every  fide  by  that  fluid,  fo  are 
other  animals,  &c.  prefled  on  every  fide  by  the  fur- 


* The  preffure  of  the  air  was  f.rfl  mTerted  by  the  Great 
Galileus,  and  was  foon  after  illuft rated  by  his  fcholar  Tor- 
ricelhus, 


rcunding 
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rounding  air,  and  this  preffure  (as  will  be  fhewn  in 
the  fequel)  is  very  conliderable. 

As  the  progreflive  motion  of  water  from  one 
place  towards  another,  is  called  a current  of  water; 
fo  the  progreflive  motion  of  the  atmofpherical  air  is 
called  in  general.  w/W,  which  according  to  the  dif- 
ferent velocities  of  that  fluid  is  more  particularly 
fpecified  by  the  appellations  of  breeze,  gentle  wind , 
gale , &c. 

But  the  particulars  in  which  air  principally  differs 
from  water,  are  iff,  that  air  weighs  a vaft  deal  lels 
than  water ; and  2dly,  that  water  is  not  compreffi- 
ble,  whereas  a quantity  of  air  may  be  forced  into  a 
fmaller  fpace,  by  means  of  preffure,  or  it  may  be 
expanded  by  removing  the  prelTure  ; and  that  ex- 
panfibility,  as  far  as  we  know,  may  be  extended  to 
any  degree  ; nor  is  it  diminifhed  by  long  continued 
preffure. 

Air  is  abfolutely  neceffary  to  animal  life,  as  alfo 
to  combuftion,  to  vegetation,  and  to  ocher  natural 
proceffes.  In  all  thofe  proceffes  the  air  either  com- 
municates foipething  to  the  fubftances  concerned, 
or  it  receives  fomething  from  them.  But  this  pro- 
perty of  receiving  or  giving  is  limited ; for  inflance, 
a certain  quantity  of  air  is  neceffary  for  the  life  of 
an  animal  during  a given  time ; now  when  the  animal 
has  lived  in  it  that  length  of  time,  the  fame  quantity 
of  air  will  be  unfit  for  the  fupport  of  the  life  of  that 
or  of  any  other  animal.  And  the  fame  thing  muff 

04  be 
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be  underflood  with  refjpedl  to  combuftion  and  fe- 
veral  other  precedes. 

Thoie  latter  properties  of  the  air  are  called  its 
chemical  properties,  which  will  be  explained  when  we 
come  to  treat  of  chemiftry  ; whereas  its  other  pro- 
perties, fuch  as  its  gravity,  ccmpreffibility,  &c.  are 
called  its  mechanical  properties,  and  thefe  will  be  ex- 
amined in  the  prefent  chapter. 

I lliall  juft  mention  for  the  prefent,  that  befides 
the  atmofpherical  air,  which  furrounds  the  earth, 
there  are  other  permanently  elaflic  fluids,  the  che- 
mical properties  of  which  are  eflentially  different 
from  thofe  of  air;  though  their  mechanical  proper- 
ties are  fimilar  to  thofe  of  that  atmofpherical  fluid  ; 
on  which  account  they  are  all  comprehended  under 
the  general  appellation  of  aerial  fluids , or  of  perma- 
nently elaflic  fluids ; which  exprefiion  means,  that,  as 
far  as  we  know,  they  are  not  convertible  into  a vjfi- 
ble  fluid  by  means  either  of  preflure  or  of  cold  ; and 
thence  they  are  diftinguifhed  from  vapours,  as  from 
the  vapour  or  fleam  of  water,  which  is  likewife  an 
elaflic  fluid,  but  not  permanently  fo ; for  either  by 
cooling,  or  by  means  of  preflure,  that  vapour  is  con- 
verted into  water. 

The  principal  mechanical  properties  of  air  are  its 
weight  and  elaflicity  ; but  let  us  begin  by  manifeft- 
ing  its  exiflence. 

When  a perfon  blows  upon  a thread,  or  dull,  or 
other  light  bodies  that  are  placed  at  a flhort  diftance 

from 
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from  his  mouth,  the  light  bodies  arc  driven  away 
from  their  places.  Now  it  is  the  current  of  air, 
that  being  expelled  from  the  lungs  through  the 
mouth,  drives  the  light  bodies  in  its  way. 

Take  a glafs  veffel,  fuch  as  a common  wine 
glafs,  turn  it  upfide  down,  and  holding  it  in  that 
perpendicular  pofition,  immerfe  it  in  water,  as  at  A, 
fig.  1.  Plate  XIII.  it  will  be  found  that  the  water 
does  not  enter  the  glafs. — That  fubflance  which 
thus  prevents  the  entrance  of  the  water  into  the  ca- 
yity  of  the  glafs,  is  a quantity  of  air.  If  you  incline 
the  glafs  a little,  a bubble,  viz.  a certain  quantity 
or  air  goes  out,  and  an  equal  bulk  of  water  takes  its 
place.  If  the  glafs  be  inclined  Hill  more,  all  the  air 
will  efcape  from  it,  and  the  glafs  will  be  entirely 
filled  with  water. — The  various  parts  of  this  expe- 
riment may  be  explained  in  a more  particular  man- 
ner ; thus,  when  the  glafs  is  in  the  fituation  A,  the 
air  in  it,  being  the  lighter  fluid,  is  confined  by  the 
water  which  occupies  the  aperture  of  the  glafs  ; but 
the  air  being  cornpreffiblc,  the  preffure  of  the  fu- 
perincumbent  water  A B,  (p.  31.)  forces  the  air 
into  a narrower  fpace  ; hence  the  water  will  be 
feen  to  amend  a little  v/ay  within  the  glafs  at  B,  and 
the  lower  you  immerfe  the  glafs,  the  higher  will 
the  water  afeend  wirhin  it.  When  the  glafs  is  in- 
clined, as  at  D,  the  furface  of  the,  water  in  it,  which 
remains  always  horizontal,  is  de,  (p.  28.)  and  the 
air  occupies  tic  fpace  c,  the  lower  part  of  which  is 
even  with  the  edge  d of  the  glafs.  If  the  glafs  be 

inclined 
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inclined  a little  more,  part  of  the  air  is  forced  out, 
as  is  fhown  at  M. 

The  quantity  of  air  which  thus  efcapes  from  the 
cavity  of  the  glafs,  being  prefled  on  every  iide  by 
the  water,  is  forced  to  aflume  a globular  form,  in 
which  fhape  it  is  called  a bubble , which  being  lighter 
than  an  equal  bulk  of  water,  afeegds  to  the  furface 
of  the  latter,  where  it  mixes  with  the  common  mafs 
of  atmofpherical  air. 

But  frequently,  when  the  bubble  is  fmall,  it  re- 
mains for  a certain  time  on  the  furface  of  the  veater, 
enclofcd  in  a film  or  lhell  of  water ; which  is  owing 
to  the  vifcidity  of  the  water,  or  to  the  attraction  mu- 
tual between  the  particles  of  water.  In  fadt,  what- 
ever increafes  that  vifcidity,  fuch  as  a folution  of 
foap,  which  is  frequently  pradtifed  by  children,  or 
of  any  other  glutinous  matter,  will  increafe  the  du- 
rability of  the  bubbles,  and  in  that  cafe,  by  blowing 
into  the  folution,  the  bubbles  may  be  made  very 
large  *. 

Hence  it  appears  that  a bubble  of  air  is  not,  ac- 
cording to  the  vulgar  idea,  an  empty  fpace,  a mere 
nothing ; but  that  it  coqfifts  of  a fluid,  which. 


* Difliilers  and  other  perfons  that  have  occafion  to  try 
fpecimens  of  fpirituous  liquors,  can  form  a tolerably  accurate 
id--a  of  the  ftrengfh  of  thofe  liquors,  by  (halting  the  bottle, 
and  then  obferving  how  foon  the  bubbles  break  on  the  fur- 
face of  the  liquor  ; for  the  thinner  and  purer  the  fpirit  is,  the 
looncr  will  the  bubbles  break. 
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though  invifiblc,  has  however  weight  and  other 
qualities ; and  is,  in  fliort,  a lubftance  as  much 
as  any  other  fubftance  which  we  feel  or  tafte  *. 

When  by  inclining  the  above-mentioned  glafs  luffi- 
ciently  in  water,  all  the  air  is  fuffered  to  elcape  from 
it ; then  if  this  glafs  be  again  turned  with  its  aper- 
ture downwards,  and  in  that  poficion  be  drawn  up- 
wards, until  its  aperture  remains  a little  below7  the 


* The  invifibility  of  air  is  what  fuggefts  the  vulgar  idea 
of  its  being  nothing.  But  it  mull  be  conftdered,  that  tran- 
Iparent  bodies,  viz.  fuch  as  let  the  rays  of  light  pafs  freely 
through  them,  cannot  be  feen.  Thus  water,  glafs,  air,  See. 
cannot  be  perceived  by  an  eye  which  is  entirely  furrounded 
by  any  one  of  them.  And  even  when  that  is  not  the  cafe, 
we  can  only  perceive  thofe  fubftances  by  the  heterogeneous 
bodies  which  they  may  happen  to  contain,  or  by  the  inflexion, 
refraction,  Sec.  of  the  rays  of  light  at  their  furfaces  ; hence, 
when  fuch  bodies  are  pure,  and  their  furfaces  are  removed 
from  our  fight,  fo  that  we  cannot  obferve  the  bending  of  the 
rays  of  light  at  thofe  furfaces,  then  it  is  impo.Tible  to 
difeern  the  bodies  themfelves. — If  a glafs  bottle  entirely  filled 
with  pure  water,  be  fituated  againfl  a dark  place,  fo  that  no 
objeCts  may  be  feen  through  it,  a perfon  who  looks  direCtly 
at  it  will  not  be  able  to  fay  whether  the  bottle  be  full  of 
water  or  not. 

. A lifh  or  a man  in  water,  will  feel  the  water,  but  lie  can- 
not fee  it. 

The  particles  which  are  feen  moving  about  when  light 
pnfTes  through  a hole  in  a roon  otherv\ife  da.  k,  are  not  the 
particles  of  air,  bqt  they  are  particles  of  duff,  See.  which  float 
jn  the  air. 


furface 
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furface  of  the  water  in  the  bafon,  as  at  N,  the  glafs 
will  remain  entirely  full  of  water;  the  prdfure  of 
the  atmofphere  on  the  lurface  of  the  water  of  the 
btfon  forcing  or  keeping  up  the  water  which  fills 
the  glafs.  Nor,  in  this  cafe,  can  any  air  enter  the 
cavity  of  the  glafs,  becaufe  air  being  fuedfically 
lighter  than  water,  cannot  pofllb'.y  defcend  from  d 
to  c , in  order  to  enter  that  cavity.  But  if  tire  glafs 
be  railed  higher  fall,  fo  that  its  aperture  be  elevated 
above  the  furface  of  the  water  in  the  bafon,  then 
the  air  will  immediately  enter  on  one  fide  of  the 
aperture,  w hi  111  the  water  goes  out  at  the  oppofitc 
fide. 

When  the  veil'd  is  fhort,  and  its  aperture  Ids 
than  a quarter  of  an  inch  in  diameter,  the  water  or 
other  fluid  will  not  eafily  run  out  of  it,  though  the 
veil'd  be  fituated  with  the  aperture  downwards. 
This  is  owing  to  the  atcraftion  of  aggregation  be- 
tween the  particles  of  water,  which  will  not  fuffer 
the  fin  all  quantity  of  liquor  in  the  neck  of  the  veil'd 
to  be  divided  foas  to  give  room  for  the  entrance  of 
the  air:  hence  it  appears  why  phials  with  fmall  necks 
are  difficultly  filled  with  any  liquor,  and  difficultly 
emptied. 

A well  known  experiment,  which  is  frequently 
fhewn  in  a familiar  way,  depends  upon  the  above- 
mentioned  principle. — A wine  glals  is  entirely  filled 
with  water  or  wine ; then  a flat  piece  of  paper  is 
placed  over  it,  and  the  palm  of  the  hand  is  put  over 
the  paper.  Things  being  thus  prepared,  the  glafs 
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with  the  hand,  &c.  is  turned  upfule  down,  then  the 
hand  bein0-  °ently  removed,  the  glafs  will  be  found 
to  remain  full  of  water,  with  the  paper  adheiing 
to  it. 

The  following  experiment  is  intended  to  fhew  the 
fame  property  ; namely,  the  preflure  of  the  at- 
mofphere  in  a different  and  perhaps  more  fatisfac- 
tory  way. 

Take  a glafs  tube  of  a pretty  uniform  bore,  and 
open  at  both  ends,  as  A B,  Hg.  2.  Plate  XIII.  fit 
a cork  d B to  it,  and  let  a flick  or  wire  E d,  be 
firmly  cemented  into  the  cork.  In  fhort,  form  a 
pifton,  like  that  of  a fyringe,  to  the  glafs  tube.  Now 
place  this  piffon  even  with  the  lower  end  of  the  tube, 
as  reprefented  at  B,  in  the  figure,  and  in  that  fituation 
place  the  fame  end  of  the  tube  in  water,  as  in  fig. 

3.  and  holding  the  tube  fteadilv,  pull  up  the  pifton 
gradually.  It  will  be  found  that  the  water  follows 
the  cork,  and  fills  up  all  that  part  of  the  tube  which 
is  below  the  pifton,  as  is  (hewn  in  fig.  3.  By  this 
means  the  preflure  of  the  atmofphere  is  removed 
from  over  that  part  of  the  water  which  is  immedi- 
ately under  the  tube ; therefore  the  preflure  of  the  i 
atmofphere  on  the  reft  of  the  furface  of  the  water  in 
the  bafon,  forces  that  water  into  the  tube,  filling  up 
its  cavity  as  fir  as  the  pifton. 

But  this  preflure  is  limited  ; for  if  the  tube  be 
longer  than  33  or  34  feet,  and  the  pifton  be  pulled 
up  to  the  higheft  part  of  it,  the  water  will  not  rife 
higher  than  about  33  feet,  and  the  reft  of  the  tube 
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as  far  as  the  pifton,  will  remain  without  either  water 
or  air:  therefore  the  preliure  of  the  atmofphere  is 
equal  to  the  preliure  of  a perpendicular  column  of 
water  of  the  fame  bafe,  and  about  33  feet  in 
height. 

If  the  fame  experiment  be  tried  with  mercury 
inftead  of  water  ; that  is,  if  the  end  B of  the  tube 
be  immerfed  in  quickfilver,  and  the  pifton  be  pulled 
upwards,  the  quickfilver  will  be  found  to  rife  not 
higher  than  about  29  i inches  ; which  perpendicular 
altitude  of  quickfilver  is  equivalent  to  the  above- 
mentioned  perpendicular  altitude  of  water  ; for 
quickfilver  is  about  13,6  times  heavier  than  an 
equal  bulk  of  water ; therefore  the  column  of 
water  mult  be  13,6  times  as  long  as  the  column  of 
quickfilver  in  order  to  balance  ir,  or  to  balance  the 
preliure  of  the  atmofphere  which  is  equivalent  to  it ; 
and  in  fadt,  if  we  multiply  29  |,  or  39,75  inches, 
by  13,6,  the  product  will  be  404,6  inches,  or  little 
more  than  33  feet. 

The  remainder  of  the  tube  between  the  furface 
of  the  quickfilver  in  it  and  the  pifton,  when  this  is 
pulled  higher  than  the  quickfilver  will  rife,  or  the 
fpace  which  remains  above  the  water  when  the  ex- 
periment is  tried  with  water,  is  called  a ' vacuum , or 
empty  fpace ; meaning  a fpace  void  ol  air,  or  other 
ponderous  fluid,  as  fir  as  we  know. 

The  leaft  reflection  on  the  preceding  experiments 
of  this  chapter,  will  evidently  fhew,  that  whether  a 
tube  upwards  of  30  or  31  inches  long,  doled  at  one 
S end. 
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oad,  be  filled  with  quickfilver,  and  then  be  im- 
merfed  with  its  aperture  in  a balon  of  quickfilver*; 
or  a tube  opened  at  both  ends  be  furnifhed  with  a 
pifton,  and  the  quickfilver  be  drawn  into  it  by  the 
pulling  up  of  the  pifton  ; or,  laftly,  a tube  opened 
at  both  ends,  have  one  of  its  extremity  immerfed 
in  quickfilver,  and  the  air  be  fucked  out  of  it  by 
means  of  an  engine  adapted  to  its  other  end  ; the  ef- 
fect, and  the  caufe  of  that  effeift,  are  always  the  fame, 
viz.  the  quickfilver  will  rife  to  the  perpendicular  al- 
titude of  about  29,75  inches,  and  will  be  kept  up 
by  the  prciTure  of  the  atmofphere  on  the  furface  of 
the  quickfilver  in  the  bafon  ; but  in  practice  the  firft 
is  by  far  the  eafieft  and  mod  effectual  way  of  per- 
forming the  experiment. 

If  a glafs  tube,  upwards  of  31  inches  long,  be 
thus  filled  with  quickfilver,  and  be  left  undifturbed 
with  its  aperture  immerfed  in  a finall  bafon  of 
quickfilver,  the  altitude  of  the  mercury  in  it  will 
be  found  to  be  various,  both  at  different  times  and 
at  different  pJaces.  In  London  its  moft  ufual  alti- 
tude is  between  28  and  31  inches ; though  it  is  fel- 
dom  to  be  feen  below  28,5,  or  above  30,5  inches. 
This  evidently  {hews  that  the  weight  or  gravity  of 
the  atmofphere  is  of  a variable  nature ; and  hence 
the  above-mentioned  tube  filled  with  quickfilver,  &c. 


* A finger  mufl  be  applied  ro  the  aperture  in  turning  the 
tube,  which  mud  not  be  removed  before  that  aperture  be 
immerfed  into  the  bafon  of  mercury. 


has 


Has  been  called  a barometer  or  barofcope , viz.  frorri 
its  property  of  Ihewing  the  acdual  weight  of  the  at- 
mofphere  at  any  particular  place  and  time  *. 

No  period  or  regularity  has  been  as  yet  difeovered 
with  refpefl  to  this  change  of  gravity,  or  to  the  rife 
and  fall  of  the  mercury  in  the  barometer,  which  is 
equivalent  to  that  preflure;  fo  that  it  is  impofilbie  to  j 
foretel  the  altitude  of  the  quickfilver  in  the  barome'- 
ter  for  any  particular  time.  But  it  has  been  ob-  l 
ferved,  that  the  altitudes  of  the  mercury  in  the  ba-'- 
rometer  are  frequently  accompanied  with  certain 
Rates  of  the  weather,  fuch  as  wind,  rain,  calms, 
ftorms,  &c.  and  frequently  alfo  a certain  altitude  of 
the  barometer  precedes  that  particular  Rate  of  the 
weather  which  is  ufualiy  connected  with  it,  on  i 
which  account  barometers  arc  often  called  weather 
glajfes , and  are  commonly  kept  in  houfes,  on  board 
of  fhips,  &c.  as  indicators  of  the  weather. 

The  principle  upon  which  thofe  barometers  are 
conRruiled,  has  already  been  explained  ; the  other 
parts  which  are  annexed  to  the  common  con- 
ftrudtion,  are  either  ornamental,  or  they  are  intended 
for  the  fecurity  of  the  tube ; of  the  quickfilver  in 


* This  fufpenfion  of  the  quickfilver  in  the  barometer,  or 
inverted  glafs  tube,  not  beyond  a certain  altitude,  and  the  va- 
riations of  that  altitude,  were  hrlt  obferved  by  the  celebrated 
Italian  philofopher  Torricelli ; hence  the  barometer  is  often 
called  the  torricellian  tube  j and  the  vacuum  in  the  Upper 
part  of  it,  is  called  the  torricellian  vacuum. 
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the  bafon,  &c.  they  will  be  particularly  defcribed 
hereafter.  The  words  which  are  cngiaven  on  the 
icale  of  inches  and  tenths,  which  is  annexed  to  the 
variable  part  of  the  altitude,  are  exprefhve  of  the 
weather,  which  has  been  obferved  frequently  to 
accompany  thole  particular  altitudes  of  the  mercury* 


They  are  as 

follows : 

Inches. 

Words  annexed. 

Very  dry.  Hard  froft. 

3o>S- 

Settled  fair.  Settled  froft. 

3°* 

Fair.  Froft. 

"9>5- 

Changeable. 

29. 

Rain.  Snow. 

28,5. 

Much  rain.  Much  fnove. 

28. 

Stormy  weather. 

The  rifing  and  falling  of  the  mercury  in  the  ba- 
rometer mu  ft  not  be  confidered  as  fure  indications 
of  the  weather  which  is  to  follow  ; yet  in  general 
they  will  enable  the  obferver  to  form  a pretty  good 
guefs  of  the  change  of  weather  which  may  be  ex- 
pected. Numerous  obfervations  relative  to  this 
fubjeCt  have  been  made  in  various  parts  of  the 
world,  and,  from  a collection  of  thofe  obfervations, 
the  learned  Dr.  Halley  deduced  a fet  of  rules, 
which  were  publi fined  in  an  early  volume  of  the 
Philofophical  TranfaCtions,  and  to  which  not  much 
addition  has  been  made  by  fubfequent  obfervers. 
vol.  11.  p 1 fhall 
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1 fhall  now  fubjoin  thole  rules,  or  natural  laws, 
together  with  the  conjectures  relative  to  the  caufes 
upon  which  they  depend,  in  Dr.  Halley’s  own 
words. 

“ To  account  for  the  different  heights  of  the 
mercury  at  feveral  times,  it  will  not  be  unnecef- 
fary  to  enumerate  home  of  the  principal  obferva- 
tions  made  upon  the  barometer.  ' 

<c  i.  The  nrff:  is,  that  in  calm  weather,  when 
the  air  is  inclined  to  rain,  the  mercury  is  com- 
monly low. 

cc  i.  That  in  ferene,  good,  fettled  weather,  the 
mercury  is  generally  high. 

tC  3.  That  upon  very  great  winds,  though  they 
be  not  accompanied  with  rain,  the  mercury  finks 
lowed:  of  all,  with  relation  to  the  point  of  the  com- 
pafs  the  wind  blows  upon. 

“ 4.  That,  cxteris  -paribus , the  greateff:  heights  of 
the  mercury  are  found  upon  eafterly  and  north - 
eafcerly  winds. 

“ 5.  That  in  calm  frofty  weather,  the  mercury 
generally  ffands  high. 

tc  6.  That  after  verv  great  (forms  of  wind,  when 
the  quickfilver  has  been  low,  it  generally  riles  again 
very  faff:. 

a 7.  That  the  more  northerly  places  have 
greater  alterations  of  the  barofcope  than  the  more 
foutherly. 

tc  3.  That  within  the  tropics,  and  near  them, 
thofe  accounts  wc  have  had  from  others,  and  my 


own 
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own  obfervations  at  St.  Helena,  make  very  little  or 
no  variation  of  the  height  of  the  mercury  in  all 
weathers. 

“ Hence  I conceive  that  the  principal  caufc  of 
the  rife  and  fall  of  the  mercury,  is  from  the  variable 
winds  which  are  found  in  the  temperate  zones,  and 
whofe  great  inconftancy  here  in  England  is  molt 
notorious. 

" A fecond  caufe  is  the  uncertain  exhalation  and 
precipitation  of  . the  vapours  lodging  in  the  air, 
whereby  it  comes  to  be  at  one  time  much  more 
crouded  than  at  another,  and  confequently  heavier  ; 
but  this  latter  in  a great  meafure  depends  upon  the 
•former.  Now  from  thefe  principles  I (ball  endea- 
vour  to  explicate  the  feveral  phenomena  of  the  ba- 
rometer, taking  them  in  the  fame  order  I laid  them 
down. 

“ i.  The  mercury’s  being  low,  inclines  it  to 
rain,  becaufe  the  air  being  light,  the  vapours  are  no 
longer  fupported  thereby,  being  become  fpecifically 
heavier  than  the  medium  wherein  they  floated  ; fo 
that  they  defcend  towards  the  earth  ; and,  in  their 
fall,  meeting  with  other  aqueous  particles,  they  in- 
corporate together,  and  form  little  drops  of  rain. 
But  the  mercury’s  being  at  one  time  lower  than  at 
another,  is  the  effedt  of  two  contrary  winds  blowing 
from  the  place  where  the  barometer  (lands,  whereby 
the  air  of  that  place  is  carried  both  ways  from  it, 
and  confequently  the  incumbent  cylinder  of  air  is 
idiminilhed,  and  accordingly  the  mercury  finks.  As 

for 


p 2 


212  Of  Pneumatics , or 

for  inftance,  if  in  the  German  ocean  it  fhould  blow 
a gale  of  wefterly  wind,  and  at  the  fame  time  an 
eallerly  wind  in  the  Irifh  fea,  or  if  in  France  it 
fhould  blow  a northerly  wind,  and  in  Scotland  a 
foutherly,  it  mud:  be  granted  me  that  that  part  of 
the  atmofphere  impendent  over  England  would 
thereby  be  exhaufted  and  attenuated,  and  the  mer- 
cury would  fubfide,  and  the  vapours,  which  before 
floated  in  thofe  parts  of  the  air  of  equal  gravity 
with  rhemfelves,  would  fink  to  the  earth. 

tc  1.  The  greater  height  of  the  barometer  is  oc- 
cafioned  by  two  contrary  winds  blowing  towards  the 
place  of  obfervation,  whereby  the  air  of  other  places 
is  brought  thither  and  accumulated  ; fo  that  the 
incumbent  cylinder  of  air  being  increafed  both  in 
height  and  weight,  the  mercury  prefled  thereby 
muft  needs  rife  and  (land  high,  as  long  as  the  winds 
continue  fo  to  blow  ; and  then  the  air  being  fpecifi- 
cally  heavier,  the  vapours  are  better  kept  fufpend- 
ed,  fo  that  they  have  no  inclination  to  precipitate 
and  fall  down  in  drops ; which  is  the  reafon  of  the 
ferene  good  weather  which  attends  the  greater 
heights  of  the  mercury. 

“ 3.  The  mercury  finks  the  loweft  of  all  by  the 
very  rapid  motion  of  the  air  in  {forms  of  wind  : for 
the  trail  or  region  of  the  earth’s  fur  face,  wherein 
thefe  winds  rage,  not  extending  all  round  the  globe, 
that  flagnant  air  which  is  left  behind,  as  likewife 
that  on  the  fides,  cannot  come  in  fo  fall  as  to  fup- 
ply  the  evacuation  made  by  fo  fwifc  a current  fo 

that 
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'that  the  air  muft  necelfarily  be  attenuated  when 
and  where  the  faid  wind?  continue  to  blow,  and  that 
more  or  lefs,  according  to  '■heir  violence  ; add  to 
which,  that  the  horizontal  motion  of  the  air  being 
fo  quick  as  it  is,  may  in  all  probability  take  off 
lome  pare  of  the  perpendicular  p re  (lure  thereof,  and 
the  great  agitation  of  its  particles  is  the  reason  why 
the  vapours  are  difTipated,  and  do  not  condenie  into 
drops  fo  as  to  form  rain  ; otherwife  the  natural  con- 
fequcnce  of  the  air’s  rarefaction. 

“ 4.  The  mercur)  hands  the  higheft  upon  an 
eafterly  or  north -eafterly  wind,  becaufe  in  the  great 
Atlantic  ocean,  on  this  fide  thr  35th  degree  of  north 
latitude,  the  wefterly  and  fouth- wefterly  winds  blow 
almoft  always  trade  ; fo  that  whenever  here  the  wind 
comes  up  at  eaft  and  north-eaft,  it  is  fure  to  be 
checked  by  a contrary  gale  as  foon  as  it  reaches  the 
ocean;  wherefore,  according  to  what  is  made  out 
in  our  fecond  remark,  the  air  muft  needs  be  heap* 
ed  over  this  ifiand,  and  confequently  the  mercury 
muft  hand  high,  as  often  as  thefe  winds  blow. 
This  holds  true  in  this  country,  but  is  not  a gene- 
ral rule  for  others,  where  the  winds  are  under  dif- 
ferent circumftances ; and  I have  fometimes  feen 
the  mercury  as  low  as  29  inches  upon  an  eafterly 
wind,  but  then  it  blew  exceeding  hard,  and  fo  comes 
to  be  accounted  for  by  what  was  oblerved  upon  the 
third  remark. 

“ 5.  In  calm  frofty  weather,  the  mercury  gene- 
rally (lands  high,  becaufe  (as  I conceive;  it  feldom 

v 3 freezes 
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freezes  but  when  the  winds  come  out  of  the  northern 
and  north- eadern  quarters  ; or  at  lead  unlefs  thofe 
winds  blow  at  no  great  didance  off;  for  rhe  northern 
parts  of  Germany,  Denmark,  Sweden,  Norway, 
and  all  that  tract  from  whence  north-eadern  winds 
come,  are  fubjedt  to  almod  continual  frod  all  the 
winter;  and  thereby  the  lower  air  is  very  much 
condenfed,  and  in  that  date  is  brought  hitherwards 
by  thofe  winds ; and  being  accumulated  by  the  oppo- 
fition  of  the  wederly  wind  blowing  in  the  ocean,  the 
mercury  mud  needs  be  pred  to  a more  than  ordi- 
nary height;  and  as  a concurring  cauie,  the  flirink- 
ing  of  the  lower  parts  of  the  air  into  Jefler  room  by 
cold,  mud  needs  caufe  a defeent  of  the  upper  parts 
of  the  atmofphere,  to  reduce  the  cavity  made  by 
this  contra£fcion  to  an  equilibrium. 

“ 6.  After  great  dorms  of  wind,  when  the  mer- 
cury has  been  very  low',  it  generally  rifes  again  very 
fad.  I once  obferved  it  to  rife  if  inch  in  lefs  than 
fix  hours,  after  a long  continued  dorm  of  fouth- 
wed  wind.  The  reafon  is,  becaule  the  air  being 
very  much  rarefied  by  the  great  evacuations  which 
fuch  continued  dorms  make  thereof,  the  neighbour- 
ing air  runs  in  the  more  fwiftly  to  bring  it  to  an 
equilibrium ; as  we  fee  water  runs  the  fader  for  hav- 
ing a great  declivity. 

7.  The  variations  are  greater  in  the  more 
northerly  places,  as  at  Stockholm  greater  than  at 
Paris  (compared  by  Mr.  Pafcall  *)  ; becaule  the 


* Equilibre  dcs  Liqueurs . 
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more  northerly  parts  have  usually  greater  dorms 
of  wind  than  the  more  foutherly,  whereby  the  mer- 
cury Ihould  fmk  lower  in  that  extream  ; and  then 
the  northerly  winds  bringing  the  condenfed  and  pon- 
derous air  from  the  neighbourhood  of  the  pole,  and 
that  again  being  checked  by  a foutherly  wind  at  no 
great  didance,  and  fo  heaped,  mu  ft  of  neceffity 
make  the  mercury  in  fuch  cafe  ftand  higher  in  the 
other  extream. 

<c  8 Ladly,  this  remark,  that  there  is  little  or 
no  variation  near  the  equinoctial,  as  at  Barbadoes 
and  St.  Helena,  does  above  all  others  confirm  the 
hypothefis  of  the  variable  winds  being  the  caufe  of 
thefe  variations  of  the  height  of  the  mercury  ; for 
in  the  places  above-named,  there  is  always  an  eafy 
gale  of  wind  blowing  nearly  upon  the  fame  point, 
viz.  E.  N.  E.  at  Barbadoes,  and  E.  S.  E.  at  St. 
Helena,  fo  that  there  being  no  contrary  currents  of 
the  air  to  exhaud  or  accumulate  it,  the  atmolphere 
continues  much  in  the  fame  date  : however,  upon 
hurricanes  (the  mod  violent  dorms)  the  mercury 
has  been  obferved  very  low,  but  this  is  but  once  in 
two  or  three  years,  and  it  foon  recovers  its  fettled 
date  of  about  29  inches. 

“ The  principal  objection  againd  this  doCtrine 
is,  that  i iuppofe  the  air  fometimes  to  move  from 
thofe  parts  where  it  is  already  evacuated  below  the 
t equilibrium , and  fometimes  ag  in  towards  thofe 
parts  where  it  is  condenled  and  crouded  above  the 
mean  date,  which  may  be  thought  contradictory  to 
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the  law  of  ftatics,  and  the  rules  of  the  equilibrium  of 
fluids.  But  thofe  that  fhall  confider  how,  when 
once  an  impetus  is  given  to  a fluid  body,  it  is  ca- 
pable of  mounting  above  its  level,  and  checking 
others  that  have  a contrary  tendency  to  defcend 
by  their  own  gravity,  will  no  longer  regard  this  as  a 
material  obftacle ; but  will  rather  conclude,  that  the 
great  analogy  there  is  between  the  rifing  and  falling 
of  the  water  upon  the  flux  and  reflux  of  the  fea,  and 
this  of  accumulating  and  extenuating  the  air,  is  a 

V 

great  argument  for  the  truth  of  this  hypothefls. 
For  as  the  fea  over  againft  the  coaft  of  Eflex  rifes 
and  fwells  by  the  meeting  of  the  two  contrary  tides 
of  flood,  whereof  the  one  comes  from  the  S.  W. 
along  the  channel  of  England,  and  the  other  from 
the  north,  and  on  the  contrary  finks' below  its  level 
upon  the  retreat  of  the  water  both  ways,  in  the  tide 
of  ebb  ; fo  it  is  very  probable,  that  the  air  may  ebb 
and  flow  after  the  fame  manner ; but  by  reafon  of 
the  diverflty  of  caufes,  whereby  the  air  may  be  fee 
in  moving,  the  times  of  thele  fluxes  and  refluxes 
thereof  are  purely  cafual,  and  nor  reducible  to  any 
rule,  as  are  the  motions  of  the  fea,  depending 
wholly  upon  the  regular  courfe  of  the  moon.”  So 
far  are  Dr.  Elalley’s  obfervations. 

“ It  is,”  fays  Col.  Roy , “ a well  known  and 
eftablifhed  fa£t,  that  in  the  middle  latitudes,  a 
north  or  north-eafl  wind  conflantly  raifes  the  baro- 
meter, and  generally  higher  as  its  continuance  is 
longer.  j.  he  contrary  happens  when  a fouth  or 

fouth- 
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fouth -weft  wind  blows ; for  I believe  it  is  commonly 
loweft  when  the  duration  and  ftrength  of  the  wind 
from  that  quarter  have  been  the  greateft.  Thus 
the  north-eaft  wind,  by  blowing  for  any  length  of 
time,  brings  into  the  middle  latitudes  a mafs  of  air 
heavier  than  that  which  naturally  appertains  to  the 
region,  and  raifes  the  barometer  above  its  mean 
heio-ht.  The  continuance  of  a fouth -weftern  carries 

O / 

off  the  heavy  air,  depofits  a much  lighter  body  in 
its  dead,  and  never  fails  to  fink  the  barometer  be- 
low its  mean  height.” 

The  greated:  alterations  of  the  barometer  gene- 
rally take  place  during  clear  weather,  with  a norther- 
ly wind  ; the  fmall  changes  generally  take  place 
during  cloudy,  rainy,  or  windy  weather,  with  a 
foutherlv  wind.  The  changes  of  the  barometrical 
altitude  are  greater  in  winter  than  in  fummer ; but 
the  mean  elevation  is  greater  in  fummer  than  in 
winter,  and  greateft  at  the  equinox. 

The  barometer  is  generally  lower  at  noon  and 
at  midnight,  than  at  any  other  period  of  the  24. 
hours. 

Tothofe  we  may  add  De  Luc’s  obfervation,  viz. 
that  a rapid  movement  of  the  mercury  in  the  ba- 
rometer, even  when  rifing,  is  an  indication  of  bad 
weather,  but  not  of  long  duration. 

Such  are  the  indications  which  may  be  derived 
from  the  movements  of  the  barometer  alone  but 
the  obfcrvers  of  later  times,  having  made  a rational 
invedigation  of  the  polfible  influence  of  the  moon 
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upon  the  atmofphere,  and  upon  the  weather,  have 
fhewn  that  we  may  form  much  more  probable  con- 
jectures relative  to  the  weather,  by  combining  the 
obfervations  of  the  barometrical  movements  with 
the  fituadons  of  the  moon  *.  But  of  this  more  in 
the  next  chapter. 

The  movement  of  the  mercury  in  the  barometer 
about  our  latitude,  has  been  already  faid  to  amount 
to  about  3 inches.  But  it  will  be  of  ufe  to  know 
its  more  ordinary  altitude,  or  its  mean  altitude. 

It  appears  from  the  meteorological  journals  of 
the  Royal  Society,  which  are  publifhed  annually  in 
the  PhilcfophicalTranlaClions,  that  the  mean  altitude 
of  the  barometer  is  29,39  inches,  and  the  mean  al- 
titude of  the  barometer  for  each  fmgle  year,  hardly 
ever  differs  from  the  above,  by  more  than  half  a 
tenth  of  an  inch  ; as  appears  from  the  following 
ftatement  of  the  mean  barometrical  altitude  of  each 
year,  commencing  with  the  year  1787,  from  which 
time  the  barometrical  obfervations  at  the  apartments 
of  the  Roval  Society  have  been  made  with  great  at- 
tention and  regular.ty  f. 
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The  French  reckon  the  mean  altitude  of  the 
mercury  in  the  barometer  placed  on  the  level  of 
the  fea,  equal  to  28  trench  inches,  which  are  equi- 
valent to  29,841  inches  Englifli* *. 

It  appears  very  clearly,  from  what  has  been  al- 
ready fai  1 in  this  chapter,  that  the  air  is  a ponderous 
fubflance ; but  the  particular  weight  of  a given 
quantity  of  air,  or  its  Ipecific  gravity,  is  afeertained 
by  a&ually  weighing  it  with  a balance.  For  this 
purpofe  a glafs  vefTcl  is  weighed  firft  full  of  air, 
then  exhaufted  of  air,  and  laftly,  full  of  water, 
by  which  means  we  obtain  the  weights  of  equal 
bulks  of  air  and  of  water ; and  dividing  the 
former  by  the  latter,  the  quotient  will  exprefs 
the  fpecific  gravity  cf  the  air  -f.  But  it  muff  be  ob- 
ferved,  that  air,  being  very  elaftic,  its  bulk,  and 
confequently  its  fpecific  gravity,  is  eafily  increafed 
or  diminifhed  by  heat  and  cold,  as  alfo  by  an  al- 
teration of  the  preffu re ; therefore,  whenever  the 
fpecific  gravity  of  an  aerial  fluid  is  to  be  fiated,  it  is 
always  proper  to  fet  down  the  altitude  of  the  mer- 
cury in  the  barometer,  and  the  degree  of  heat,  at 

Royal  Society  at  Somerfet  Houfe,  is  fituated  81  feet  above 
the  fiver  1 hames,  viz.  the  level  oi  low  water  fpring  tides. 

J he  obfervations  are  taken  twice  a day,  viz.  at  7 or  8 in 
the  morning,  and  at  2 in  the  afternoon.  The  mean  for  the  f 
whole  year  is  obtained  by  addinp-  all  the  obfervations  top-e- 
ther,  and  dividing  the  fum  by  the  number  of  obfervations, 

* De  Prony’s  Architecture  Hydraulique,  p.  298. 

+ 1 he  conftruClion  of  the  veiled  fit  for  this  purpofe, 
as  aho  the  manner  of  exhaufting  it,  will  be  deferibed 
hereafter. 
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the  time  of  weighing  the  air.  And  this  precaution 
has  been  obferved  in  the  table  of  fpecific  gravities. 
See  p.  95. 

The  knowledge  of  the  preflure  of  the  atmofphere, 
and  of  the  perpendicular  pillar  of  quickfilver,  which 
is  equivalent  to  it,  enables  us  to  calculate  the  adhial 
preflure  of  the  atmofphere  upon  the  whole  globe  of 
the  earth,  upon  the  human  body,  or  upon  any  other 
body;  and  it  appears  that  this  preflure  is  prodigi- 
oufly  great,  yet  we  do  not  find  it  incommodious  or 
oppreflive,  becaufe  we  are  prefled  on  every  fide 
by  it,  and  the  preflure  on  the  furface  of  our  bodies 
is  counteradted  by  the  fluids  and  folids  of  our  oodies, 
which  are  almost  entirely  non  elaiiic.  If  that  prei- 
fure  be  removed  from  one  fide,  then  it  will  be  found 
to  aft  with  prodigious  force  on  the  other  fide. 

As  the  preflure  of  the  atmofphere  fupports  a per- 
pendicular pillar  of  quickfilver  between  28  and  31 
inches  high,  the  weight  of  fuch  a pillar,  let  its  bafe 
be  what  it  may,  fhews  the  preflure  of  the  atmo- 
fphere upon  a furface  equal  to  that  bafe.  Now  a 
pillar  of  quickfilver,  whole  bafe  is  an  inch  fquare,  and 
whofe  altitude  is  28  or  31  inches  long,  weighs  13,7  5, 
or  15,23  pounds  avoirdupoife,  the  mean  of  which 
is  14,49  pounds;  therefore  at  a mean  the  preflure 
of  the  atmofphere  upon  every  fquare  inch,  at  the 
furface  of  the. earth,  is  about  14  \ pounds  avoirdu- 
poife ; then  by  the  rule  of  proportion,  or  finfply  by 
multiplication,  we  may  eafily  find  out  the  preflure 
upon  any  given  furface.  Thus  the  preflure  of  the 
o atmofpher 
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atrrfolphere  on  a fquare  foot,  (which  contains  144 
fquare  inches)  is  equal  to  144  times  14  * pounds, 
viz.  to  2088  pounds.  1 he  preflure  of  the  atmo- 
fphere  on  the  body  of  a middle  fized  human  being 
(reckoning  its  furface  equal  to  12  fquare  feet)  is 
12  times  2088  ; that  is  25056  pounds,  or  upwards 
of  eleven  tons.  The  preflure  on  the  furface  of  the 
whole  earth  ^which,  in  round  numbers,  is  equal 
to  5575680000000000  fquare  feet,)  is  equal  to 
about  11642019840000000000  pounds. 

It  is  now  necefl'ary  to  examine  the  elaftic  proper- 
ty of  air. 

If  from  a veflel  full  of  water,  part  of  the  water 
be  removed,  then  the  cavity  of  that  veflel  will  not 
be  entirely  occupied  by  water.  Now  the  fame 
thino-  cannot  be  done  with  air  ; for  if  from  a veflel 
full  of  air,  half  the  air  be  removed  by  means  of  a 
proper  engine,  and  the  entrance  of  other  air  be 
prevented,  the  veflel  will  ftill  remain  entirely  full 
of  air,  only  the  air  in  it  will  be  half  as  denfe  as  it 
was  before.  If,  inftead  of  the  half,  you  remove  a 
much  greater  portion  of  the  air  from  the  above- 
mentioned  veflel,  the  veflel  will  ftill  remain  entirely 
full  of  air  ; only  the  air  in  it  will  be  proportionately 
lcfs  denfe.  In  fhort,  by  removing  the  preflure,  a 
quantity  of  air  may  always  be  expanded  ; nor  is  it 
known  to  what  degree  this  expanfion  will  reach ; 
confequently  it  is  not  in  our  power  to  determine 
the  extent  of  the  atmolphere. 

On  the  other  hand,  by  increaftng  the  preiTure  pro- 
portionately, 
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portionatdy,  a quantity  of  air  may  be  condenfed 
into  anv  given  fpace,  however  fmall ; the  denficy  of 
the  comprefied  air  increafing  according  as  the  bulk 
is  diminifhed.  Nor  has  this  condenfation  any 
known  limits*  though  it  feems  rational  to  fuppofe 
that  a limit  it  muft  undoubtedly  have. 

If  a glaft  vefifel  full  of  air  be  immerfed  in  water 
with  its  aperture  downwards,  the  water  immediately 
under  it,  which  at  fir  ft  lies  even  with  its  aperture, 
will  gradually  rife  in  the  veflel  in  proportion  as  the 
veil'd  is  conveyed  deeper  and  deeper  into  the  water  ; 
the  air  in  it  beiny;  compreffed  and  condenfed  by  the 
perpendicular  altitude  of  the  fuperincumbent  water. 
On  drawing  the  veflel  upwards,  the  air  in  it  will  ex- 
pand again. 

This  experiment  fhews  that  air  is  comprefiible  j 
but  the  following  experiment  will  fhew  that  the  bulk 
of  a given  quantity  of  air  is  inverfely  (and  ot  courfe 
its  denfity  is  diredly ' as  the  compreffing  force  ; for 
inftance,  if  a certain  weight  comprelles  a quantity 
of  air  into  the  half  of  its  original  bulk,  twice  that 
weight  will  comprefs  it  into  a quarter  of  its  original 
bulk;  ten  times  that  weight  wiil  force  it  into  the 
20th  part  of  its  original  bulk  ; and  fo  on. 

Take  a cylindrical  glal's  tube  bent  in  the  form, 
of  ABCD,  fig.  4.  Plate  XIII.  open  at  A,  and 
clofed  at  D,  and  place  it  with  the  bent  part  down- 
wards ; pour  as  much  quickfilver  into  the  aperture 
A,  as  will  barely  fill  the  horizontal  part  BC,  which 
will  confine  the  air  in  DC.  This  air,  like  the  air 

which 
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which  is  about  the  apparatus,  &c.  is  compreffed  by 
the  ufual  p re  flu  re  of  the  atmofpheie,  anu  this  prcf- 
fure  is  reprelented  by  (fince  it  is  equivalent  to) 
the  aftual  altitude  of  the  mercury  in  the  barometer. 
Now,  if  you  pour  more  quickfilver  into  the  aper- 
ture A,  the  air  in  C D will  thereby  be  compreffed 
into  a narrower  fpace  ; as  is  indicated  by  the  mer- 
cury rifing  into  the  part  C D,  and  it  will  be  found, 
that  the  fpace  D e,  in  which  the  air  has  been  con- 
tracted by  the  preffure  of  the  perpendicular  pillar  of 
mercury  gf,  (the  altitude  of  which  mud  always  be 
reckoned  from  the  level  of  the  furface  eg  of  the 
mercury  in  the  part  CD)  in  addition  to  the  ufual 
preffure  of  the  armofphere,  is  to  its  original  bulk 
CD,  as  the  ufual  preffure  of  the  atmofphere  (or  as 
the  actual  altitude  of  the  barometer)  is  to  the  ium 
of  that  actual  altitude,  and  the  altitude  gf.  Thus 
when  gf  is  equal  to  the  adtual  altitude  of  the  mer- 
cury in  the  barometer,  then  the  preffure  on  the 
confined  air  is  twice  as  great  as  if  it  were  preffed  by 
the  atmofphere  only;  therefore  that  air  will  be  con- 
fined into  the  half  of  its  original  bulk,  viz.  De  will 
be  the  half  of  D C,  When  the  altitude  gf  is  made 
equal  to  twice  the  altitude  of  the  mercury  in  the 
barometer,  then  the  preffure  on  the  confined  air 
will  be  three  times  as  great  as  if  it  were  preffed  by 
the  atmofphere  only;  hence  Dr  will  be  found  equal 
to  a third  part  of  D C ; and  Co  on. 

The  expanfion  of  air  in  proportion  to  the  diminu- 
tion of  the  preffure,  may  be  fhewn  by  a variety  of 

experiments. 
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experiments.  We  Hi  all  for  the  prefent,  however,  de~ 
feribe  only  one  which  may  be  eafily  performed. 

Take  a cylindrical  glafs  tube,  clofed  at  one  end 
and  open  at  the  other,  fill  it  with  quickfilver  to  a 
certain  height,  and  leave  the  reff  full  of  air  (or,  as 
it  would  commonly  be  exprefl'ed,  leave  it  empty)  ; 
put  a finger  upon  the  aperture  of  the  tube  ; turn  the 
tube  with  the  aperture  downwards ; immerse  that 
aperture  together  with  the  finger,  in  a bafon  of 
quickfilver,  then  remove  the  finger  ; and  it  will  be 
found  that  the  air  which  was  left  into  the  tube,  and 
which  now  occupies  the  upper,  that  is  the  clofed, 
part  of  the  tube,  has  enlarged  its  dimenfions.  Sup- 
pole,  for  inffance,  that  the  tube  be  30  inches  long, 
that  it  be  filled  with  mercury,  excepting  8 inches. 
When  the  tube  is  inverted,  as.in  fig.  5.  Plate  XIII. 
the  air  will  occupy  the  upper  part  A B,  and  the 
mercury  the  lower  part  B C ; but  the  part  A B, 
which  is  occupied  by  the  air,  will  be  found  to  be 
longer  than  8 inches  ;•  the  reaibn  of  which  is,  that 
the  original  quantity,  viz.  8 inches  of  air,  which 
before  the  tube  was  inverted,  was  prefied  by  the 
atmofphere,  now  fuflains  a lower  degree  of  pref- 
fure  ; that  is,  the  prefiure  of  the  atmofphere  is 
partly  counteracted  by  the  pillar  of  mercury  B C. 
Therefore,  fince  the  bulks  of  the  fame  quantity  of 
air  are  inverfely  as  the  preffure?,  it  will  always  be 
found  that  the  difference  of  the  adual  altitude  of 
the  mercury  in  the  barometer,  and  the  altitude  B C 
of  the  mercury  in  the  above-mentioned  tube,  is  to 

the 
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the  aftual  altitude  of  the  mercury  in  the  barometer, 
as  8 inches  (viz  the  original  bulk  of  the  confined 
air)  is  to  its  prefent  bulk  ABj  fo  that  if  the  a&ual 
altitude  of  the  mercury  in  the  barometer  be  28 
inches,  CB  will  be  found  equal  to  14  inches,  and 
AB  equal  to  16  inches  ; for  in  that  cafe  28 — 14 
(viz.  14)  : 28  : : 8 : 16. 

Air  has  been  left  for  feveral  years  very  much 
comprefied  in  proper  veflels,  wherein  there  was  no- 
thing that  could  have  a chemical  a£lion  upon  it ; 
and  afterwards  on  removing  the  Unufual  preflure, 
and  replacing  it  in  the  fame  temperature,  the  air 
has  been  found  to  recover  its  original  bulk,  which 
Ihews  that  the  continuance  of  the  preflure  had  not 
diminifhed  the  elafticity  of  it  in  the  lead  percepti- 
ble degree. 


voL.  11. 
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CHAPTER  IX. 

OF  THE  DENSITY"  AND  ALTITUDE  OF  THE  AT- 
MOSPHERE, TOGETHER  WITH  THE  METHOD  OF 
MEASURING  ALTITUDES  BY  MEANS  OF  BARO- 
METRICAL OBSERVATIONS. 

EXPERIENCE  fhews  that  the  atmofphere, 
or  the  air,  which  furrounds  the  earth,  is  of 
different  denfities  at  different  diftances  from  the 
centre  thereof.  Our  diredt  experiments,  however, 
do  not  reach  to  any  great  heights  into  the  regions  of 
the  atmofphere.  But  the  numerous  experiments, 
which  have  been  made  on  the  comprelfton  of  air, 
the  mofc  convincing  of  which  have  already  been 
mentioned,  prove  that  air  is  condenfed  in  propor- 
tion to  the  force  which  compreffes  it,  or  that  it  ex- 
pands in  the  inverfe  ratio  of  that  force,  and  that  it 
does  not  lofe  any  portion  of  its  elafticity  by  remain- 
ing long  confined.  We  are,  therefore,  authorifed 
to  fuppofe  that  the  air,  at  all  diftances  from  the 
earth,  is  more  or  lefs  denfe,  according  as  it  is  fitu- 
ated  nearer  to,  or  farther  from,  it ; or  according  as 
it  is  preffed  by  a greater  or  leffer  weiglTt  of  fuperin- 
cumbent  air.  We  may  aifo  conclude,  that,  not 
knowing  how  far  air  may  be  expanded,  we  cannot 
determine  to  what  height  the  atmofphere  is  ex- 
tended. 


But 
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But  the  compreflion  arifing  from  the  weight  of 
the  fuperincumbent  air,  though  by  far  the  princi- 
pal, is  not  the  only  caufe  upon  which  the  various 
denfity  of  the  atmofphere  depends.  In  fhort,  all 
the  caufes,  which  feem  to  concur  towards  the  pro- 
duction of  that  effeCt,  are,  1.  The  various  quan- 
tity of  fuperincumbent  air  at  different  altitudes; 
2.  The  decreafing  attraction  of  the  earth,  or  the 
decreafing  weight  of  bodies,  in  proportion  to  the 
fquares  of  the  diftances  from  the  centre  of  the 
earth  ; 3.  The  influence  of  heat  and  cold;  4.  The 
admixture  of  vapours  and  other  fluids ; and,  5. 
The  attraction  of  the  moon  and  other  celeftial 
bodies. 

For  the  fake  of  perfpicuity,  we  friall  examine 
teach  of  thofe  caufes  fucceflively,  and  in  the  firft 
place  we  fhall  endeavour  to  explain  the  effeCts  of 
preflure. 

Imagine  that  ABCD,  fig.  6,  Plate  XIII.  is 
a pillar,  or  veffel,  full  of  air,  reaching  from  the 
furface  A B of  the  earth,  . to  the  fartheft  part 
C D of  the  atmofphere ; for  whatever  is  proved 
with  refpeCt  to  the  denfity  of  the  air  in  this 
pillar,  or  portion  of  the  atmofphere,  will  evidently 
Hand  good  with  refpeCt  to  any  other  contiguous 
pillar  or  portion  of  it,  and,  of  courfe,  with  refpeCt 
to  the  whole  atmofphere. 

Imagine  likewife,  that  this  pillar  is  divided  by 
partitions  parallel  to  the  horizon,  into  a vafl 
number  of  equal  fpaces,  A Be/,  efgh}  gbik , 

1 i km n}  &c. 
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Now  as  the  denfity  of  the  air  is  continually  de- 
creafing  from  the  earth  upwards ; therefore,  ftri&ly 
fpeaking,  that  denfity  mud  be  various,  even  in  dif- 
ferent parts  of  every  one  of  thofe  fpaces : yet  as 
thofe  fpaces  may  be  conceived  to  be  infinitely  fmall, 
we  may,  without  any  fenfible  error,  fuppofe  that 
the  denfity  of  the  air  is  uniform  throughout  the  va- 
rious parts  of  any  one  of  them. 

Since  the  denfity  of  the  air  is  always  as  the  force 
which  compreffes  it ; and  fince  the  air  in  every  part 
of  the  atmofphere  is  preffed  by  the  weight  of  the 
fuperincumbent  air ; it  follows  that  the  denfity  of 
the  air  in  AB ef  is  to  the  denfity  of  the  air  in  efgh , 
as  e/CD  is  to  gh  CD.  So  that  the  difference  be- 
tween the  preffures  on  ef  and  on  gh  (or  between 
the  quantities  of  air  AB  ef,  and  efgh>)  is  equal  to 
the  quantity  of  air  efgh.  For  the  fame  reafon,  the 
difference  between  the  preffures  on  gh  and  on  Uc 
(or  between  the  quantities  of  air  in  efgh  and  ghik') 
is  equal  to  the  quantity  of  air  ghik.  Alfo  the  dif- 
ference between  the  preffures  on  ik  and  on  mn  (or 
between  the  quantities  of  air  ghik  and  ikmn ) is 
equal  to  the  quantity  of  air  ikmn j and  fo  on. 
Therefore  the  quantities  of  air,  or  the  denfities  of 
air,  in  thofe  fpaces,  are  proportional  to  the  quan- 
tities of  which  they  themfelves  are  the  differ- 
ences. But  when  there  is  a feries  of  quantities, 
whofe  terms  are  proportional  to  their  own  dif- 
ferences, then  both  thofe  quantities  and  their 

differences, 
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differences,  are  in  geometrical  progreffion  * ; there- 
fore the  denfities,  or  quantities,  of  air  in  the  equal 
fpaces  AB  ef,  efgh , ghik,  ikmn,  &c.  are  in  geo- 
metrical progreffion. 

It  muff  likewife  be  obferved,  that  the  heights  of 
thofe  equal  fpaces  above  the  furface  AB  of  the 
earth,  are  in  arithmetical  progreffion  ; viz.  if  the 
fecond  fpace  be  one  inch  above  the  furface,  the 
next  will  be  two  inches  above  that  furface,  the  next 
to  that  will  be  three  inches,  and  fo  on  ; or  inftead  of 
inches  their  altitudes  may  be  of  any  other  dimenfion, 
as  the  one-hundredth,  or  the  one-thoufandth  part 
of  an  inch.  From  all  which  we  derive  a very  re- 
markable conclufion ; namely,  that  if  the  altitudes 
above  the  furface  of  the  earth  be  taken  in  arithmetical 
progreffion , the  denfities  of  the  air  at  thofe  altitudes  will 
be  in  geometrical  progreffion  decreafing. 

Thus,  for  inftance,  if  at  a certain  altitude  the  air 
be  half  as  denfe  as  it  is  immediately  on  the  furface 
of  the  earth  ; then  at  twice  that  altitude,  the  air  will 
be  four  times  lefs  denfe  than  upon  the  furface  of  the 
earth  ; at  three  times  that  altitude,  it  will  be  eight 
times  lefs  denfe  ; and  fo  forth. 

Experience,  aflifted  by  calculation,  fhews  that 
at  the  diffance  of  feven  miles  from  the  furface  of  the 
earth,  the  air  is  about  four  times  lefs  denfe  than  it  is 


* Let  A,  B,  C,  D,  &c.  be  a feries  of  quantities,  and  if 
thofe  quantities  be  proportional  to  their  own  differences,  wc 
have  A : A — B ; ; B : B — C : : C : C — D,  See. 
lienee  converfely  (Eucl.  Cor.  to  Prop.  19.  B.  v.)  A : B : : 
B : C : : C ; D,  &c, 

<u 
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clofe  to  that  furface  *.  Now  the  knowledge  of  this 
fad  will  enable  us  to  conftrud  a table  of  denfities 
(or  of  preflures)  of  the  atmofphere  at  all  altitudes 
from  the  furface  of  the  earth  ; which  may  be  done 
in  the  following  manner : 

Take  the  alcitudes  in  arithmetical  progreflion, 
viz.  7 miles,  14,  21,  28,  35,  &c.  Then  for  the 
denfities,  fay,  by  the  rule  of  three,  as  1 is  to  £,  fo 
is  ? to  a fourth  proportional,  which  is  and 
Ihews,  that  at  the  height  of  14  miles  the  denfity  of 
the  atmofphere  is  the  1 6th  part  of  what  it  is  dole  to 
the  furface  of  the  earth.  Again,  fay,  as  | is  to 
fo  is  fr  to  a fourth  proportional,  which  is  and 
fhews,  that  at  the  diftance  of  21  miles  the  denfity 
of  the  atmofphere  is  the  64th  part  of  what  it  is  clofe 
to  the  furface,  &c.  Thus  you  have  the  denfities  (or 
the  preffures  which  are  as  the  denfities)  of  the  at- 
molphere  at  the  undermentioned  diftances. 

Altitudes  Correfpondent 

in  miles.  denfities. 


0 

— 

— 

1 

7 

— 

— 

I 

4- 

14 

— 

— 

I 

TIT 

21 

— 

— 

l 

TT 

28 
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— 

1 

TT6 

35 

— 

— 

1 

TotT 

42 

— 

— • 

■?"o  sTT 

49 

— 

— 

1 

TTTT? 

56 

&c. 

• — 

■ 

1 

TTTT3* 

&c. 

* Cotes’s  Hyd.  Ledures,  Led.  IX. 
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Then,  in  order  to  find  the  denfities  correfpondent 
to  the  intermediate  altitudes,  take  an  arithmetical 
mean  proportional  between  7 miles  14  miles, 
which  is  10  \ miles  * ; alio,  take  a geometiical 
mean  proportional  between  the  denfities  of  the  air 
at  7,  and  at  14  miles,  viz.  between  | and  TV>  which 
is  -i.  t j and  this  is  the  denfity  of  the  air  at  the  al- 
titude of  10  £ miles.  Again,  take  an  arithmetical 
mean  proportional  between  14  and  21  miles,  which 
is  17I  miles ; alfo,  take  a geometrical  mean  propor- 
tional between  the  denfities  of  the  air  at  the  above- 
mentioned  two  altitudes,  viz.  between  -rV  and 
which  is  TV,  and  it  exprefles  the  denfity  of  the  air 
at  the  height  of  17  f miles.  After  the  fame  manner 
you  may  take  an  arithmetical  mean  proportional 
between  17  \ and  21  miles,  and  a geometrical 
mean  proportional  between  the  denfities  at  thofe  al- 
titudes. In  fhort,  the  like  operation  may  be  per- 
formed with  any  two  altitudes,  and  their  correfpond- 
ent denfities ; by  which  means  a table  of  denfities. 


* An  arithmetical  mean  proportional  between  two  num- 
bers is  found  by  taking  the  half  of  the  fum  of  the  two 
numbers.  Thus  the  fum  of  7 and  14  is  21,  the  half  of 
which  is  10 

f A geometrical  mean  proportional  between  two  num- 
bers, is  found  by  extracting  the  fquare-root  of  the 
produdt  of  the  two  numbers.  Thus  | multiplied  by  T'5, 
gives  A,  the  fquare  root  of  which  is  and  -£  is  the  geo- 
metrical mean  between  £ and  lz. 
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anfwering  to  certain  altitudes,  may  be  conftru&ed. 
This  laborious  operation,  however,  may  be  avoid- 
ed ; fir  the  fame  thing  may  be  obtained  by  ufing  a 
table  of  logarithms,  which  logarithms  in  fa£t  are  a 
fet  of  numbers  in  arithmetical  progrefTion,  annexed 
to  another  fet  of  numbers,  which  are  in  geometrical 
prcgrefTion  ; fo  that  the  former  may  reprefent  the 
altitudes,  whilft  the  latter  reprefent  the  denfities 
of  the  atmofphere'  correfpondent  with  thofe  alti- 
tudes. 

The  principal  ufe  of  fuch  a table  is  for  meafur- 
ing  perpendicular  altitudes  above  the  furface  of  the 
earth,  by  means  of  barometrical  obfervations,  the 
principle  of  which  operation  we  fhall  endeavour  to 
explain. 

The  barometer,  as  has  been  fhewn  in  the  pre- 
ceding chapter,  Ihews  the  actual  preffure  of  the  at- 
mofphere, or  the  denfiiy  of  the  air  at  the  place 
where  it  is  fituated  therefore  the  altitude  of  the 
mercury  in  a barometer,  placed  at  the  top  of  a 
mountain,  will  not  be  fo  great  as  the  altitude  of  the 
mercury  in  a barometer  placed  on  the  fea  fhore. 
Now  'hole  altitudes  of  the  mercury  being  as  the 
denfities,  and  the  denfity  at  the  furface  of  the  earth, 
or  on  the  fea  Ihore,  being  called  one  in  the  table,  we 
fay,  as  the  barometrical  altitude  at  the  furface  is  to 
the  barometrical  altitude  on  the  mountain,  fo  is  one 
to  the  denfity  of  the  air  at  the  top  of  the  mountain  ; 
gnd  finding  the  denfity  thus  obtained  in  the  table, 
\ve  have  againfl  it  the  correfpondent  altitude,  or 

the 
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the  perpendicular  diftance  between  the  fituations  of 
the  two  barometers.  • 

So  far  the  operation  would  be  eafy  and  ufeful, 
provided  its  refults  were  attended  with  fufficient 
accuracy  ; but  the  other  above-mentioned  caufes, 
which  affeft  the  denfity  of  the  atmofphere,  render 
a variety  of  corrections  neceffary  for  the  attainment 
of  a ufeful  degree  of  accuracy  in  fuch  meafure- 
ments.  The  difficulty  of  inveftigating  the  peculiar 
effeCls  of  thofe  caufes,  as  alfo  of  compenfating  for 
their  effeCts,  involve  the  operation  in  a good  deal 
of  difficulty,  on  which  account  we  fhall  give  a full 
examination  of  this  fubjeCl  in  the  note  (1.)  ; and 

fhall 


(1.)  The  mechanical  properties  of  the  atmofphere  are 
analogous  to  the  properties  of  a particular  fpecies  of  curve 
lines,  called  logarithmic  curves  ; hence  the  knowledge  of  the 
properties  of  the  latter  is  of  confiderable  affiftance  in  eluci- 
dating the  properties  of  the  former.  But  the  nature  of 
logarithmic  curves  is  probably  not  fufficiently  underftood 
by  the  greateft  number  of  my  readers  : I fhall,  therefore, 
briefly  fubjoin  fuch  of  their  properties  as  may  fufflce  to  illus- 
trate the  doctrine  of  the  atmofphere. 

Of  the  Logarithmic  Curves . 

Definitions.  Upon  an  indefinite  right-line  AE,fig.  7,  Plate 
XIII.  make  the  intervals  AB,  BC,  CD,  & c.  equal  to  one 
another;  or  (which  is  the  fame  thing)  make  the  diftances 
AB,  AC,  AD,  &c.  in  arithmetical  progreflion.  From  the 
points  A,  B,  C,  D,  E,  &c.  draw  the  lines  AF,  BG,  CH,  DI, 

&c. 
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lhall  here  proceed  to  give  a fhort  idea  of  the  influ- 
ence of  the  above-mentioned  caufes  on  the  denfi- 
ties  of  the  atmofphere,  at  different  altitudes  and 
different  times. 

In 


See.  parallel  to  each  other,  and  in  geometrical  progreffion  ; 
viz.  making  A F to  B G,  as  BG  to  CH,  as  CH  to  DI; 
and  fo  on.  Then  a curve  line  F GH  I K,  drawn  through 
the  extremities  of  thofe  parallel  lines,  is  called  a logarithmic 
curve.  The  indefinite  right-line  A E is  its  axis , which 
will  be  fhevvn  to  be  an  afymptote  to  the  curve,  viz.  it  will 
never  meet  the  curve  ; and  the  lines  AF,  BG,  CH,  DI,  See. 
are  the  ordinates. 

Since  the  ordinates  may  be  taken  in  any  geometrical  pro- 
portion, it  is  evident  that  there  is  an  infinite  variety  of  lo- 
garithmic curves. 

Propofition  I.  The  axis  A E is  an  afymptote  to  the 
logarithmic  curve. 

Since  the  ordinates  are  in  geometrical  progreffion,  HC  is 
fuch  a part  of  DI,  as  BG  is  of  H C,  as  A F is  of  B G,  as 
the  next  ordinate  is  of  AF,  and  fo  on  without  end  ; there- 
fore no  ordinate  can  ever  be  equal  to  o ; for  that  o would  be 
no  part  of  the  preceding  ordinate;  hence  the  axis  and  the 
curve  can  never  meet;  though  when  produced  towards 
the  fhorter  ordinates,  they  come  continually  nearer  to  each 
other. 

Prop.  II.  If  a tangent  and  an  ordinate  be  drawn  from  any 
point  in  a logarithmic  curve  ; the  fubtangent , or  part  of  the 
axis , which  is  contained  between  the  interfedlions  of  the  ordi- 
nate and  the  tangent , is  a conjlant  or  invariable  quantity. 

Take  E and  F,  any  two  points  in  the  curve,  fig.  S, 
i Plate 


» 
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In  the  preceding  inveftigation  of  the  decreafing 
.denfity  of  the  atmofphere,  the  force  of  gravity  has 
been  fuppofed  to  a6t  uniformly  ; whereas,  in  ti  nth, 

that  force  decreaies  according  as  the  Iquares  of 

the 


Plate  XIII.  indefinitely  near  to  each  other,  and  through  each 
of  them  diaw  a tangent  and  an  ordinate  to  the  curve;  TE, 
VF,  being  the  tangents,  and  BE,  CF,  the  ordinates.  Draw 
another  ordinate  D G,  as  diftant  from  CF  as  Cb  is  from 
BE,  and  through  F and  F draw  E»,  F r,  both  parallel  to 
the  axis. 

Since  the  difiances  B C,  C D,  are  equal,  we  have,  from 
:the  definition  of  the  curve,  DG:FC::FC:BE;  by 
[idivifion,  DG  — FC  :FC::FC  — BE  : BE  : : G r : 
FC  : : F«;  BE. 

It  is  evident  from  the  parallelifm  of  the  lines  F r,  E», 
T D ; as  alfo  of  the  lines  D G,  C F,  BE,  that  the  man- 
gles FGr,  FVC,  are  fimilar,  and  fo  likewife  are  the  trian- 
gles F En,  E T B ; hence  Gr:FC::Fr:VC;  alfo 
F«:EB::E«:BT::Gr:FC::Fr:VC.  But 
E n is  equal  to  F r ; therefore  the  fubtangent  B T muft  be 
equal  to  the  fubtangent  C V. 

By  the  fame  mode  of  reafoning  it  may  be  proved  that  BT 
is  equal  to  any  other  fubtangent  of  the  fame  curve  ; or  that 
the  fubtangent  is  an  invariable  quantity. 

Cor.  Logarithmic  curves,  that  have  equal  fubtangents, 
are  equal. 

Prop.  III.  If  four  ordinates  to  a logarithmic  curve  be  in 
the  fa?ne  ratio , viz.  the  frjl  be  to  the  fecond  as  the  third  to 
the  fourth ; and  if  through  the  extremities  of  the  firjl  and  third 
a fecant  be  drawn , and  another  fecatit  be  drawn  through  the 
extremities  of  the  fecond  and  fourth ; then  the  part  of  the  axis 

which 
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the  diftances  from  the  centre  of  the  earth  increafe 
(p.  61.  Part  I.)j  fo  that  the  particles  of  air  which  are 
at  a diftance  from  the  earth  gravitate  lefs  than  thofe 
which  are  nearer  to  it ; hence,  on  this  account,  the 

denfity 


■which  is  contained  between  the  inter fliions  of  the  frji  fecant 
and  the  firjl  ordinate , will  be  equal  to  that  part  of  the  fame 
axis  which  is  contained  between  the  interfeciions  of  the  fecond 
fecant  and  the  fecond  ordinate. 

Thus,  in  fig.  9,  Plate  XIII.  if  A F : D I : : B G : E K, 
in  which  cafe,  from  the  nature  of  the  curve,  ADtuBE,  and 
AB  = DE ; and  if  the  fecants  GFT,  KIV,  be  drawn  j 
then  TA  will  be  equal  to  V D. 

Through  F and  I draw  FS,  and  I L,  parallel  to  the  axis. 
Then  fince  A F : D I : : B G : E K,  we  have  by  alterna- 
tion A F : B G : : D I : E K ; inverfely,  B G : A F : : 
E K : DI;  and,  by  diviiion,  BG  — AF  (r  GS)  : AF 
: : E K — D I (=LK)  : DI;  inverfely,  AF  : GS 
: : D I ; L K.  But  the  triangles  DI  V,  LKI,  are  fimilar, 
and  fo  likewife  are  the  triangles  A F T,  F G S ; therefore 
TA:FS::AF:GS::  (from  the  above  analogy)  D I 
: L K : : V D : I L.  Then  fince  in  the  analogy  TA  : F S 
: : V D : I L,  the  fecond  and  fourth  terms  are  equal,  viz. 
FSrrIL,  or  AB=DE;  the  other  two  terms  mud  likewife 
be  equal,  viz.  TA  — V D. 

Prop.  IV.  - The  fpace , which  is  circumfcribed  by  any  two 
ordinates , and  fitch  parts  of  the  curve  and  of  the  axis  as  lie 
between  thofe  ordinates , is  equal  to  the  rectangle  of  the  fibtan- 
gent  and  the  difference  of  the  ordinates. 

Thus,  fig.  10,  Plate  XIII.  the  fpace  GBEL  is  equal 
to  TE  x SL ; TL  being  the  tangent  at  the  point  L. 

Imagine 
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denfity  of  the  atmofphere  at  a given  altitude  muffc 
be  lefs  than  if  the  force  of  gravity  aded  uniformly. 
Yet,  fmce  the  altitudes  of  the  highefh  mountains 
make  a trifling  addition  to  the  radius  of  the  earth, 

the 


Imagine  D I to  be  drawn  infinitely  near  and  parallel  to 
E L ; and  I r to  be  drawn  through  the  interfedion  I,  pa- 
rallel to  the  axis. 

From  the  fimilarity  of  the  triangles  L I r,  L T E,  we 
have  EL:ET::Lr:Ir;  hence  ETxLrzrELx 
I r — the  area  DEIr  = (fince,  when  I D is  infinitely  near 
to  E L,  the  triangle  LIr  vanilhes)  DELI.  And  the 
fame  thing  may  be  faid  of  any  other  point  very  near  I,  and 
of  another  next  to  that,  See . Therefore  (the  fubtangent 
E T being  an  invariable  quantity)  the  fum  of  all  the  fmall 
fpaces,  fuch  as  DELI,  between  L E and  B G;  or  the 
fpace  B E L G,  is  equal  to  ETxLS  (LS  being  the  fum 
of  all  the  differences  L r). 

Corollary  I.  The  whole  area,  which  is  contained  be- 
tween any  ordinate  LE,  the  curve,  the  axis,  and  infinitely 
extended  towards  F A,  is  equal  to  the  redangle  of  that  or- 
dinate and  the  fubtangent,  viz.  to  LExTE;  fince  when 
the  area  is  infinitely  extended  towards  A F,  the  laft  ordinate 
vanifhes,  viz.  EL  becomes  equal  to  the  difference  of  EL 
and  the  laft  ordinate. 

Cor.  2.  1 he  fpaces,  which  begin  at  different  ordinates, 
and  are  thus  infinitely  extended,  are  as  the  ordinates  from 
which  they  begin  to  be  reckoned. 

Cor.  3.  1 he  fpace  which  lies  between  any  two  ordinates, 
is  to  the  fpace  which  lies  between  any  other  two  ordinates, 
as  the  difference  of  the  firft  two  ordinates  is  to  the  difference 
of  the  two  others. 


Prop 
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the  diminution  of  the  gravitating  force  will  have  no 
fenfible  influence  in  our  meafurements  of  altitudes 
by  means  of  the  barometer*  Thofe  perfons,  how- 
ever, who  wifh  not  to  negledt  that  circumftance, 

either 


Prop.  V.  The  dijlances , or  parts  of  the  axis , which  lie 
between  two  equal  ordinates  in  two,  or  more , different  loga- 
rithmic curves , are  as  the  fubtangents  of  thofe  curves  re- 
fpe dlively. 

Thus,  if  in  the  two  logarithmic  curves,  F I G,  Q_K  S, 
F A be  equal  to  P Qj>  and  B G be  equal  to  H S ; then  it 
will  be  AB:TB::PH:  VHj  T G and  VS  being 
the  tangents. 

Draw  two  ordinates  indefinitely  near  to  G B and  H S, 
and  draw  Ik,  Kr,  parallel  to  the  axes  ; then  fince  AF,  LI* 
B G,  are  refpectively  equal  to  P Q_,  N K,  H S,  it  will  be 
(from  the  definition  of  the  curve)  A B : LB  (or  Ik)  : : 

PH  : NH  (or  K r) ; and  alternately  A B : P H : : Ik: 

Kr. 

From  the  fimilarifcy  of  the  triangles  B G T,  G Ik,  and 
H S V,  S K r,  we  have  BT:1«  ::  BG  : »G  : : HS  : 
r S : : H V : r K ; whence  alternately  B T : H V : : I k : 

IC  r : : A B : P H ; and  inverfely,  A B : B T : : P H : 

H V. 

Scholium.  A table  of  logarithms  is  nothing  more  than  a 
feries  of  numbers  in  arithmetical  progreflion,  annexed  to 
another  feries  of  numbers  that  are  in  geometrical  pro- 
greflion.  Therefore,  if  the  lengths  of  the  abfciflas  A B, 
AC,  AD,  Sic.  of  a logarithmic  curve,  fig.  7,  Plate  XIII* 
and  the  lengths  of  the  correfponding  ordinates  A F,  B G, 
C H,  See.  be  exprefled  in  numbers  ; the  former  will  be  the 
logarithms  of  the  latter. 

O 


Since 
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either  in  fuch  meafurements,  or  in  the  inveftigation 
of  other  properties  of  the  atmofphere,  will  find  the 
necefiary  explanations  in  the  note  below. 

Heat  increafes,  and,  on  the  contrary,  cold,  or  a 

diminution 


Since  the  ratio  of  the  ordinates  as  well  as  the  lengths  of 
the  abfciffas  may  be  various ; it  follows  that  different 
logarithmic  curves  will  reprefent  different  fyftems  of  lo- 
garithms. 

In  the  curve  which  expreffes  the  common  table  of  loga- 
rithms, called  Briggs’s  logarithms , the  lengths  of  the  ordi- 
nates are,  I : io  : ioo  : 1000,  &c.  or  their  ratio  is  io, 
whilft  the  abfciflas,  or  the  logarithms,  are  i,  2,  3,  4,  See.  ; 
and  the  fubtangent  (otherwife  called  the  module  of  thatfyjlem 
of  logarithms)  is  equal  to  0,43429448. 

It  is  evident  that  every  ordinate  is  a geometrical  mean 
proportional  between  any  two  other  ordinates  equidiflant 
from  it ; whilft  its  correfpondent  abfeiffa  is  an  arithmetical 
mean  proportional  between  the  abfeiffas  to  the  other  two 
ordinates.  Thus  C H,  in  fig.  7,  is  a geometrical  mean 
between  B G,  and  D I ; and  AC  is  an  arithmetical  mean 
between  A B and  A D.  Hence,  for  inftance,  if  we  divide 
A B in  two  equal  parts  in  s,  and  find  a mean  geometrically 
proportional  between  A F and  B G,  that  mean  will  be  the 
length  of  the  ordinate  s 0 ; and  At  is  its  logarithm.— Thus 
we  may  find  as  many  ordinates  and  their  logarithms  as  we 
pleafe. 

It  follows  from  Prop.  V.  that  in  different  fyftems  of  lo- 
garithms, the  diftances  between  equal  ordinates,  or  the 
logarithms  of  equal  numbers,  are  proportional  to  the  fub- 
tangents,  or  modules,  of  their  refpedlive  fvftems.  Thus, 

if 
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diminution  of  heat,  contracts,  the  bulk  of  air.  But 
this  expanfion  and  contra&ion  are  not  regular,  viz. 
they  are  not  exa£lly  proportional  to  the  degrees  of 
heat.  Befides  this,  the  rate  of  expanfion,  by  the 
fame  degrees  of  heat,  differs  according  as  the  air  is' 
more  or  lefs  denfe ; alfo  according  as  it  is  more  or 

lefs 


if  in  one  fyftem  the  module  be  M,  and  the  logarithm  of  a: 
given  number  be  L ; whilft  in  another  fyftem  the  module 
be  w,  and  the  logarithm  of  the  fame  number  be  l ; then  it 
will  be  M : L : : m : /;  hence  M/  = Lot;  viz.  the  pro- 
duiSt  of  the  logarithm  of  a given  number  in  one  fyftem, 
multiplied  by  the  module  of  another  fyftem,  is  equal  to  the 
produdt  of  the  logarithm  of  the  fame  number  in  that  other 
fyftem,  multiplied  by  the  module  of  the  firft  fyftem. 

If  the  module  of  one  fyftem  be  reprefented  by  unity  : then 
I : L : s m : / ; in  which  cafe  Lmzz  L- 

Of  the  Atmosphere. 

Thus  much  will  fuffice  with  refpedl:  to  the  properties  of 
the  logarithmic  curves}  we  muft  now  proceed  to  explain 
by  means  of  thofe  properties,  the  conftitution  of  the  at- 
mofphere,  and  the  method  of  determining  altitudes  from 
barometrical  obfervations. 

It  has  been  already  {hewn,  that  the  denfities  of  the  air  at 
different  diftances  from  the  earth  are  in  geometrical  pro- 
grellion  decreafing,  whilft  the  altitudes  are  in  an  increafing 
arithmetical  progreflibn  ; it  is  therefore  evident,  that  if  on 
a ftraight  line  A M,  fig.  12;  Plate  XIII.  the  diftances  A B, 
AC,  A D,  &c.  reprefent  the  altitudes,  and  the  ftraight  lines 
AO,  BF,  C H,  DI,&c.  drawn  perpendicular  to  A M, 

reprefent 
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fcfs  charged  with  moifture. — The  late  General 
Roy,  F.R.S.  made  a great  variety  of  accurate  ex- 
periments relative  to  this  expanfibn  of  air ; but  the 
refuks  of  his  experiments  will  be  ftated  in  another 
part  of  thefe  elements. 

The 


reprefent,  or  be  made  proportional  to,  the  denfities  of  the 
atmofphere  at  thofe  altitudes ; then  a curve  line  O I N, 
drawn  along  the  ends  O,  H,  I,  &c.  of  thofe  lines,  will  be  a 
logarithmic  curve,  and  may  be  called  the  atmofpbcrical  loga- 
rithmic \ A M being  its  axis,  and  AO,  B F,  C H,  See.  its 
ordinates.  The  area  which  lies  between  the  firft  ordinate 
AO,  the  curve, and  theaxis,  and  is  infinitely  extended  towards 
M N,  may  be  confidered  as  being  equal  to  an  infinite  num- 
ber of  ordinates,  fituated  extremely  near  to  each  other;  but 
thofe  ordinates  reprefent  the  quantities  of  air  at  their  refpec- 
tive  fituations ; therefore  the  abovementicned  area  will  re- 
prefent the  whole  quantity  of  air  in  the  atmofphere.  Alfo 
the  area,  or  part  of  the  abovementioned  area,  from  any  one 
of  thofe  ordinates  upwards,  will  reprefent  the  whole  quan- 
tity of  atmofpheric  air,  which  exifts  beyond  that  altitude. 

This  however  would  be  the  cafe  if  the  force  of  gravity 
acted  uniformly  at  all  di fiances  from  the  earth,  which  is  not 
true.  Therefore  we  mud  now  examine  the  real  diminution 
of  denfity  in  the  atmofphere  on  the  true  hypothefis,  viz.  of 
the  gravity’s  decrcafing  according  as  the  fquares  of  the  dis- 
tances increafe;  in  confequence  of  which  the  denfity  of  the 
a;r  at  any  given  altitude  mud  be  greater  than  it  would  be  if 
the  force  of  gravity  adled  uniformly,  in  order  that  a given 
degree  of  prefiure  may  be  produced  upon  the  furface  of  the 
earth. 


VOL.  11. 
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The  influence  of  the  fun,  and  principally  of  the' 
moon,  upon  the  waters  of  the  ocean,  is  too  evident 
to  need  any  particular  examination.  And  it  is  evi- 
dent from  the  laws  of  univerfal  attradbion,  that  thofe 

celeftial 


LetPAZ,fig.  13.  Plate  XIII.  reprefent  the  circumference 
of  the  earth,  S its  centre,  m SM  an  indefinite  right  line  palling 
through  the  centre  S,  and  interfering  the  circumference  at  A. 
Let  the  altitudes  S A,  SB,  SC,  SD,  differ  indefinitely  little 
from  each  o;her  ; but  let  them  be  in  harmonical  pro* 
gr.rlfion.  Alfo  let  the  ordinates  AO,  B F,  C G,  D H,  be 
proportional  to  the  denlities  of  the  atmofphcre  at  A,  the 
furface  of  the  earth,  and  at  the  altitudes  B,  C,  D ; but  upon 
the  fuppofition  that  the  force  of  gravity  adts  uniformly. 
Then  the  curve  OF  GHN,  drawn  along  the  extremities 
of  thofe  ordinates,  See.  is  (from  what  has  been  faid  above)  a 
logarithmic  curve. 

Now  take  S b,  a third  proportional  to  S B and  S A ; take 
S c a third  proportional  to  S C and  S A ; alfo  take  S d a third 
proportional  to  S D and  S A ; viz.  let  it  be 

S B : S A : : S A : S b 

S C : S A : : S A : S c 

SD  : S A ; : S A :Srf 
Then  S A,  S b,  S c,  S d,  being  the  reciprocals  of  S A, 

SB,  SC,  S D ; (for  they  decreafe  according  as  S A,  S B» 

SC,  SD,  increafe)  muff  be  in  arithmetical  progrefnon ; 
it  being  well  kno  wn  that  the  reciprocals  of  quantities  that  are 
harmonically  proportional,  are  in  arithmetical  progreffion. 
See  Malcolm’s  Arithmetic,  B.  IV.  chap.  6. 

Through  the  points  A,  />,  c,  d,  draw  AO,  i/,  eg,  d Z>, 
perpendicular  to  the  axis  A?;/,  and  make  them  proportional 

to 
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teledial  bodies  mud  aft  upon  the  atmofphere  in  a 
fimilar  manner  j that  is,  they  mud  cccafion  a dux 
and  reflux  of  the  atmofphere,  as  well  as  of  the 
ocean.  But  the  atmospherical  air  being  a fluid 

much 


to  the  real  denfities  of  the  air  at  A,  B,  C,  D,  refpeftively. 
Through  the  points  O,  /,  £,  /;,  &c.  draw  the  curve 
Ofgb , See.  which  will  prefently  be  (hewn  to  be  a logarith- 
mic curve. 

From  the  abovemetltioned  analogies,  we  have  SD  x Sr/rt 
S Ad  1 — S C x Sr;  hence  Sc:Sr/::SD:SC.  Con- 
verfely  Sr  : Sc  — S ( zzed)  : : SD  : SD  — S C (“ 
CD  ;)  viz.  cel : CD  : : Sc  : S D.  Or,  becaule  C D 
is  indefinitely  final],  S C will  be  ultimately  equal  to  S D : 
hence,  by  fubftitution,  the  laft  mentioned  analogy  becomes 
ed:  CD  : : Sc:  SC  : : Sc  x SC  : SC  x SC  : :SA** 


SCl1.  Therefore  c d — D C x 


S A 


and  by  equal 


SCF  ’ 

multiplication,  it  will  be  cd  x eg  — CD  x eg  X 

saV 

'sc?1* 

Now  C D expre/Tes  the  bulk  of  the  ftratum  C D G II 
(for  as  CD  is  very  fmall,  the  air  may,  without  any  fenfible 
error,  be  fuppofed  to  be  uniformly  denfe  throughout  the 
ftratum  C D G H ) ; eg , by  conftruftion,  exprefies  the 

1 r S'Al1 

real  denfity  of  the  fame  ftratum,  and  eXprefles 

the  gravitation  of  each  particle  ; for  fince  the  force  of  gra- 
vity is  inverfelyas  the  fquares  of  the  diftances,  if  the  gravity 
at  the  furface  A be  called  unity,  we  have  S C P : S A)*  : : i : 
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much  more  variable  than  water,  the  action  of  the 
fun  and  moon  upon  it  becomes  much  lefs  apparent 
to  us,  fince  they  muft:  frequently  concur  with,  or 
be  counteracted  by,  the  much  more  powerful  effects 

of 


But  the  weight,  or  prcffure,  of  any  ftratum  is  as  its  bulk, 
as  its  denfity,  and  as  its  gravity  conjointly ; therefore  CD  x eg 

Tai2 

or  its  equal  edxeg,  expreffes  the  prcffure  of 


su 


the  ftratum  CDGH.  And  the  fame  reafoning  may  be 
adapted  to  any  other  fucceeding  ftratum.  But  the  fum  of  all 
fuch  ftrata  as  cdhg  (cr  cdxcg ) from  eg  downwards, 
forms  the  area  c m n g below  e g ; therefore  the  whole  pref- 
fure upon  C,  arifmg  from  the  gravitation,  or  preflure,  of  all 
the  air  above  it,  is  as  the  area  ernng.  But  the  denfity  eg 
of  the  air  is  as  the  prefture;  therefore  any  area  as  ctnng 
below  any  ordinate,  as  eg,  is  proportional  to  that  ordinate. 
Now  this  is  a charadleriftic  property  of  the  logarithmic 
curves;  therefore  it  {hews  that  the  curve  Qfghn  is  a lo- 
garithmic curve.  See  Cor.  2.  to  Prop.  IV.  in  page  237. 

Farther  it  appears,  that  this  curve  is  exactly  equal  to  the 
curve  O F G H N ; for  if  B come  continually  near  to  A, 
and  ultimately  coincide  with  it,  the  ultimate  ratio  of  A B to 
A b,  and  of  B F to  bf  muft  he  that  of  equality.  Then 
the  tangents  OFK,  O fk,  form  equal  angles  with  the  or- 
dinate A O ; conlequently  the  fubtangents  A K,  A k>  are 
equal,  and  the  curves  OFGHN,  Qfghn , are  alfo  equal. 
See  Cor.  to  Prop.  II.  in  page  235. 

The  diftances  S b}  Sc,  S d^  are  in  arithmetical  pro- 
greflion,  and  fo  are  the  diftances  A Z',  A c,  A d , becauie  the 

latter  are  refpedtively  equal  tu  SA  S b}  SA- — S c,  S A - 

St/* 
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of  heat  and  cold,  of  drynei's  and  moifture,  of  winds. 
Zee.  (See  the  Abbe  Mann’s  Differt.  on  the  Flux 
and  Reflux  of  the  Atmofphere,  in  the  fourth  vol.  of 
the  Tranf.  of  the  Ac.  of  Sc.  at  Bruffels,  or  in  the 

Phil. 


Sd.  Then  fince  O fgbn  is  a logarithmic  curve,  and  the 
.abfeiflae  A b,  A c,  A d,  are  in  arithmetical  progreffion  ; the 
ordinates  bf,  eg,  dh , mult  be  in  geometrical  progreffion. 
But  thefe  ordinates  reprefent  the  real  denfities  of  the  air  at 
B,  C,  D ; therefore  the  denfities  of  the  air  at  B,  C,  D,  are 
in  geometrical  progreffion,  on  the  true  hypothefis  of  the  de- 
creafeof  gravity  in  proportion  to  the  fquares  of  the  diflances 
from  the  centre  of  the  earth. 

Upon  the  whole  then  it  appears  that  the  difference  be- 
tween the  two  hypothefes,  viz.  of  an  uniform,  and  of  a de- 
creafing  gravity,  is,  that  the  ordinates  b f,  eg,  d h,  Sec.  which 
reprefent  the  denfities  of  the  air  at  the  places  B,  C,  D,  re- 
fpeffively,  are  a little  longer  than  the  correfponding  ordi- 
nates BF,  CG,  DH.  And  they  are  longer,  becaufe  the 
abfeiffas  A b,  Ac,  Ad,  are  rhorter  than  the  correfponding 
abfeiffas  A B,  A C,  AD;  recollecting  that  the  curves 
O F G N,  and  Qfgn , have  been  demonffrated  to  be 
equal.  So  th  at  if  the  denfity  of  the  air,  or  the  preffure  of 
the  atmofphere,  at  a certain  point,  for  initance,  D,  is  to  be 
calculated  on  the  fuppofition  of  an  uniform  gravity,  we  muff 
d itermine  the  value  of  the  ordinate  DH  ; but  upon  the  true 
theory  of  a decreafing  gravity,  we  muff  determine  the  value 
of  the  ordinate  dh. — The  method  of  calculating  thofe  ordi- 
nates  is  as  follows. 

The  logarithmic  area  A O N M is  equal  to  the  rectangle 
AOxAK  (Prop.  IV.  in  page  236,  and  its  Corollaries)  the 

R 3 area 
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Phil.  Magazine,  vol.  V.)  Hence  the  a£tion  of  the 
fun,  and  principally  of  the  moon,  upon  the  at- 
mofphere,  has  been  long  furmifed ; but  it  is  only 
of  late  years  that  it  has  been  in  fome  meafure 

obferved, 


area  BFNM  is  equal  to  BF  x AK  ; the  area  CGNM 
js  equal  to  C G X A K,  &ct  Therefore  the  prefiure  at  the 
j'urface,  which  is  proportionate  to  the  area  AONM,  is  equal 
to  AO  x AK.  But  if  the  air  were  of  a uniform  denfity,  equal 
to  its  denfity  at  the  furface  A,  and  did  not  reach  higher  than 
K,  its  whole  quantity  would  be  exprefied  by  A O x A K ; 
therefore  the  whole  quantity  of  air  A Q N M,  gradually  de- 
creasing in  denfity,  is  equal  to  an  homogeneous  atmofphere 
of  the  denfity  A O,  and  altitude  A K. 

Farther,  the  quantity  of  air  B F N M is  to  the  quantity 
AONM,  (or  to  A O x A K)  as  B F is  to  A O.  Alfo  the 
quantity  of  air  CGNM,  is  to  the  quantity  AONM, 
(or  to  A O X A K)  as  C G is  to  A O ; and  fo  forth. 

Nova  let  fig.  14.  Plate  XIII.  reprefent  the  logarithmic 
curve  cf  the  common  table  of  logarithms,  where  the  fubtan- 
gent,  or  module  A E,  is  equal  to  0,4.3429  ; let  AT  be  equal 
to  AO,  (fee  both  figures)  and  DH  to  RY  ; then  we  have 
(by  Prop.  V.  in  page  238.)  AE  : A K : : A R : A D. 
Alfo,  if  VQ_be  equal  to  B F,  we  have  AE  ; AK  : ; VR  : 
BD. 

Thcfe  two  analogies  are  of  great  practical  ufe,  viz.  for 
finding  out  the  prefiures  or  the  denfities  of  the  atmofphere, 
when  the  altitudes  are  given  ; and,  on  the  other  hand,  for 
finding  the  altitudes,  or  the  difference  between  two  altitudes, 
when  the  denfities  at  thole  altitudes  are  known. 

The  prefiures  cf  the  atmofphere  at  different  heights,  or 
t)ie  values  01  the  ordinates  AO,  13  F,  CG,  DH,  Ac. 

arc 
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obferved,  and  rendered  fenfible  by  means  of  very 
accurate  and  long  continued  barometrical  obfcrva- 
tions ; for  it  may  be  perceived  only  by  tatting  a mean 
of  the  obfervatioos  of  many  years. 

T oaldo 


are  {hewn  by  the  altitudes  of  the  mercury  in  the 'barometer, 
(which  are  the  counterpoifes  to  thofe  prelim  es)  placed  at 
the  correfponding  fituations  A,  B,  C,  D,  Sic.  1 he  parts 
A U,  A R,  lJ  R,  are  to  be  found  in  the  common  table  of 
logarithms  ; A E is  equal  to  0,43429  ; and  A K.  has  been 
afcertained,  by  the  following  means,  to  be  equal  to  26365 
feet,  or  five  miles  nearly. 

When  the  thermometer  ftands  at  3 2°.  and  the  barometer 
ftands  at  30  inches,  the  fpecific  gravity  of  air  may  be  reck- 
oned equal  to  0,0013066208,  and  the  fpecific  gravity  of 
quickfilver  equal  to  13,619.  Therefore  0,0013006208  : 
13,619  : : 1 : 10423,07  zz  the  fpecific  gravity  of  quick- 
filver,  when  that  of  air  is  called  one,  viz.  in  the  above- 
mentioned  circum  fiances  quickiilver  weighs  10423,07 
times  a&  much  as  air  : whence  it  follows  that  a perpendicular 
pillar  of  quickfilver  of  30  inches  in  the  barometer,  is  a 
counterpoile  to  a perpendicular  pillar  of  the  atmofphere  of 
the  fame  diameter,  reaching  from  the  furface  of  the  earth  to 
theutmoft  limit  M of  the  atmofphere,  or  to  a perpendicular 
pillar  of  air  of  an  uniform  denfity  (viz.  of  the  denfity  at  the 
lurface  A,  tuch  as  is  indicated  by  the  ordinate  AU  j,  but  of 
30  times  10423,07  inches,  viz.  0^312692,1  inches.  There- 
fore AK,  which  is  the  fubtangent,  or  the  module  of  the  at- 
mofpherical  logarithmic,  is  equal  to  312692,1  inches,  or 
26057,675  feet,  or  8685,891  yards,  or  4342,945  fathoms, 
or  5 miles,  minus  342,325  feet. 

r 4 The. 
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Toaldo  the  learned  aftronomer  of  Padua,  after  a 
variety  or  obfervations  made  in  the  courfe  offeveral 
years,  found  reafon  to  affert,  that  ceteris  paribus^  at 
the  time  of  the  moon’s  apogeum,  the  mercury  in 

the 


The  practical  application  of  the  abovementioned  analo- 
gies, to  the  method  of  meafuring  altitudes  by  means  of 
barometrical  obfervations,  will  be  illuftrated  by  one  or  two 

examples. 

Example  I.  Suppofe  that  the  mercury  in  the  barometer  at 
A,  fig.  13.  viz.  on  the  furface  of  the  earth,  Hands  at  30  inches, 
at  the  fame  time  that  the  mercury  of  a fimilar  barometer 
fituated  on  the  top  of  a mountain  at  D,  Hands  at  29,34 
inches.  It  is  required  to  deduce  the  altitude  A D from  thofe 
obfervations. 

In  the  firff  place  it  nr, if!-  be  recolledled,  that  the  fame  pref- 
fure  of  the  atmofphere,  wnich  caufes  a certain  denfity  of  the 
air  at  any  place  A,  or  D,  keeps  up  the  mercury  in  the  tube 
of  the  baromer  ; therefore  the  altitudes  of  the  mercury  in  the 
barometers  fituated  at  different  altitudes  above  the  furface  of 
the  earth,  are  proportional  to  the  denfities  of  the  air,  or  to  the 
ordinates  of  the  atmofpherical  logarithmic  at  thofe  refpedfive 
altitudes.  So  that  in  the  prefent  inftance,  30  inches  perpen- 
dicular altitude  of  mercury  reprefents  the  ordinate  AO,  and 
29,34  mches  perpendicular  altitude  of  mercury  reprefents 
the  ordinate  D H. 

Now  in  the  logarithmic  curve  of  the  common  tabular  lo- 
garithms,  fig.  14,  Plate  XIII.  AT  and  RY  are  re- 
ppedbvely  equal  to  A.  O and  DH  of  the  atmofpherical 
logarithmic,  fig.  13,  Plate  XIII,  ; therefore,  taking  from 
the  common  logarithmic  tables,  the  logarithm  of  30,  which 

3 is 


of  the  Atmofphere , £s?r.  249 

the  barometer  rifes  the  0,015  of  an  inch  higher 
than  at  the  perigeum  ; that  at  the  time  of  the  qua- 
dratures, the  mercury  (lands  0,008  of  an  inch  higher 
than  at  the  time  of  the  fyziges ; and  that  it  (lands 

0,022 


is  1,4771213;  alfo  the  logarithm  of  29,34,  which  is 
1,4674.601  ; and  fubtradling  the  latter  from  the  former,  we 
obtain  the  remainder  0,0096612,  which  is  equal  to  the  por- 
tion A R of  the  axis. 

This  being  obtained,  we  then  fay  A E : A K : : A R : 
AD;  viz.  0,1342945  : 26057,675  : : 0,0096612:  to  a 
fourth  proportional,  which  gives  the  altitude  A D equal  to 
579,672  feet. 

In  finding  this  fourth  proportional,  according  to  the  com- 
mon rule  of  three,  we  may  either  multiply  the  third  term  by 
the  fecond,  and  then  divide  the  product  by  the  firfl  ; or  we 
may  frit  of  all  divide  the  fecond  term  by  the  fil'd,  and  then 
multiply  the  quotient  by  the  third  term ; the  refult,  as  is 
well  known,  turning  out  always  the  fame.  But  in  this 
operation  the  fecond  method  is  attended  with  a practical  ad- 
vantage, which  will  be  pointed  out  prefently. 

Example  II.  Suppofe  the  perpendicular  pillar  of  mercury- 
in  the  barometer  at  B,  to  be  28,65  inches,  and  that  of  the 
mercury  in  a fimilar  barometer  at  D,  to  be  26,97  inches. 
It  is  required  to  determine  thereby  the  perpendicular 
didance  BD,  between  the  two  dations,  or  places  ef  obfer- 
vation. 

Suppofing  the  ordinates  U Q_,  R Y,  to  be  refpedlively 
equal  to  the  above-mentioned  mercurial  altitudes;  we  take 
the  logarithm  of  28,65,  which  is  1,4571246,  and  the  lo- 
garithm of  26,97,  which  is  1,4308809  ; then  fubtraiSling  the 

latter 
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0,022  of  an  inch  higher  when  the  moon  in  each 
lunation  comes  neareft  to  our  zenith  (meaning  the 
zenith  of  Padua,  where  the  obfervations  were  made) 
than  when  h goes  fartheft  from  it.  'Journal  des 
Sciences  Utiles. 

In 


latter  from  the  former,  the  remainder  0,0262437  is  equal 
to  U R. 

1 his  being  obtained,  we  then  fay,  as  mentioned  above, 
page  246,  AE:  A IC  ; : V R : B D ; viz.  0,4.342945  : 
26057,675  : : 0,0262437  : to  a fou.tn  proportional,  to  find 
which,  we  divide  the  fecond  term  by  the  firft,  and  obtain  the 
quotient  60000  ; then  multiply  the  third  term  by  this  quo- 
tient, and  the  product,  viz.  1574,622  feet,  is  the  dif- 
tance  BD. 

Here  it  is  to  be  obferved,  that  the  firft:  and  fecond  terms 
of  the  abovementioned  analogy,  are  conftantly  the  fame,  viz* 
0,4342945,  and  26057,675  5 and  of  courfe  their  quotient  is 
likewife  conftantly  the  fame,  namely,  the  very  convenient 
number  600C0 ; therefore  the  operation  of  determining  the 
altitudes,  &c.  may  be  rendered  very  fhort  j for  the  whole 
confifts  in  multiplying  the  difference  of  the  logarithms  of 
the  mercurial  altitudes,  by  60000,  and  the  product  gives  the 
altitude  fought,  in  feet.  And  if  we  want  the  anfwer  in  fa- 
thoms, the  operation  will  be  rendered  ihorter  ft  ill  j for  fince 
fix  feet  are  equal  to  one  fathom,  60000  feet  mult  be  equal 
to  toooo  fathoms.  Therefore,  in  that  cafe,  we  need  only 
multiply  the  difference  of  the  logarithms  by  10000  ; which 
is  eafily  done  by  removing  the  comma,  which  feparates  the 
decimal  part  of  the  logarithmic  remainder,  four  places  of 
figures  to  the  right.  Thus,  in  the  Lift:  example,  the  lo- 
garithmic 
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In  the  7th  vol.  of  the  Philofophical  Magazine, 
there  is  a paper  of  L.  Howard,  Efq.  which  con- 
tains feveral  carious  obiervations  relative  to  this 
fubjed.  This  gentleman  found  both  from  his  own 

obfervations, 


garithmic  remainder  is  0,0262437,  which,  by  removing  the 
comma  four  places  to  the  right,  becomes  262,437,  and  ex- 
prefles  the  diftance  BD  in  fathoms ; the  fame  as  before, 
£62,437  fathoms  being  equal  1574,622  feet. 

It  is  now  neceflary  to  recoiled  that  this  rule  has  been 
eftablifhed  upon  the  fuppofitions  that  the  fpecific  gravity 
of  mercury  is  13,619;  that  the  fpecific  gravity  of  air  is 
0,0013066208  ; that  the  temperature  of  the  air,  as  well  as 
of  the  mercury,  is  320.  and  that  the  mercurial  altitude  in  the 
barometer,  fituated  on  the  furface  of  the  earth,  is  equal  to 
30  inches.  But  if  any  one  of  thole  circumftances  happens 
to  be  altered,  then  the  refult  of  the  operation,  according  to 
the  above-mentioned  rule,  will  deviate  more  or  lefs  from  the 
truth.  For  intlance,  if  the  temperature  happens  to  be  higher 
than  320.  then  the  fpecific  gravities  of  the  air,  and  of  the 
mercury,  will  differ  from  the  above-mentioned  fiatements, 
and  of  courfe  the  module  of  the  atmofpherical  logarithmic, 
which  is  the  fecond  term  of  the  analogy,  &c.  muft  be  altered 
accordingly. — The  fame  thing  may  be  faid  with  refped  to 
the  other  particulars. 

Notwithftanding  the  intricacy  of  folution  which  arifes 
from  the  concurrence  and  fluduaion  of  the  above- 
mentioned  circumftances,  the  particular  effeds  of  each 
caufe  have  been  examined,  with  immenfe  trouble  ana  affi- 
duity,  by  various  ingenious  philofophers ; and’ rules  have 
been  formed  for  corroding  in  a great  meafure  the  errors 

' which 
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obfervations,  and  from  an  examination  of  the  Me- 
teorological Journal  of  the  Royal  Society,  which  is 
publifhed  annually  in  the  Phil.  Tran  factions,  that 
the  moon  had  a manifeft  a6tion  upon  the  baro- 
meter. 


which  arife  therefrom.  We  fhall  now  proceed  to  exa- 
mine thofe  rules,  and  the  facts  upon  which  they  are 
eftabliflied. 

Since  the  bulks  of  bodies  are  increafed  by  the  accefiion 
of  heat,  and  of  courfe  their  fpecific  gravities  are  thereby 
diminifhed;  and  fince  different  bodies  are  expanded  differently 
by  equal  increments  of  heat;  it  follows  that,  under  the  fame 
atmofpherical  preffure,  the  mercury  in. the  barometer  muff 
ftand  higher  or  lower,  according  as  it  is  hotter  or  colder. 
Alfo  the  ratio  of  the  gravity  of  mercury  to  that  of  air,  will, 
(ceteris  paribus , vary  with  the  incrcafe  or  decreafe  of  tempera- 
ture ; but  this  variation  has  been  found  to  be  not  exactly 
proportional  to  the  degrees  of  heat.  Hence  in  meafuring 
altitudes  by  the  barometer,  either  the  fubtangent  of  the  at- 
mofpherical  logarithmic  mud  be  derived  from  the  actual 
temperature  of  the  mercury  and  of  the  air  at  the  time  of 
making  the  obfervations  ; or  both  tjie  actual  denfitv  of  the 
air,  and  the  obferved  altitude  of  the  mercury  in  the  barome- 
ter, mud  be  reduced  to  what  they  would  be  if  the  degree 
of  temperature  were  320. — The  latter  method  is  the  moil 
expeditious. 

Mercury  has  been  found  to  expand  nearly  in  the  exaCt 
proportion  of  the  degrees  of  heat ; its  expanfion  for  every 
degree  of  heat,  from  320.  upwards,  or  the  contraction 
for  every  degree  of  heat  from  32“.  downwards  is  equal 
to  0,000102  of  the  whole  bulk,  which  at  320.  is  called  one, 

cr 
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meter.  " It  appears,  he  Jays , to  me  evident,  that 
« the  atmofphere  is  fubjed  to  a periodical  change. 
“ of  gravity,  whereby  the  barometer,  on  a mean  of 
« ten  years,  is  dcprefied  at  lead  one-tenth  of  an 

“ inch 


or  unity  : fo  that  if  a quantity  of  quickfilver,  which  at  the 
temperature  of  32*.  meafures  one  cubic  inch,  at  the  tem- 
perature of  330.  meafure  1,000102  inches;  it  will,  at 
the  temperature  of  340.  meafure  1,000204  inches,  &c. 
But  though  quickfilver  in  itfelf  be  expanded  regularly  by  the 
acceflion  of  heat;  yet  in  the  tube  of  the  barometer,  the  per- 
pendicular pillar  of  it  is  not  expanded  with  the  fame  regu- 
larity ; and  this  deviation  from  that  regularity  is  owing  to 
two  caufes,  viz.  to  the  expanfion  of  the  glafs  tube,  and  to  the 
probable  generation  of  fome  elaftic  fluid,  which  being  ex- 
tricated from  the  mercury  by  the  heat,  occupies  the  empty 
part  of  the  barometrical  tube  above  the  quickfilver. 

The  adtual  increafe  of  altitude  in  a barometrical  pillar  of 
mercury,  arifing  from  an  increafe  of  temperature,  was  de- 
termined from  adtual  experiments  on  the  barometer  itfelf,  by 
the  late  very  ingenious  General  Roy.  When  the  barome- 
ter flood  at  30  inches,  this  gentleman  expoled  a barometer 
to  different  degrees  of  heat  in  a very  proper  apparatus, 
wherein  the  whole  column  could  be  rendered  of  the  fame 
uniform  temperature;  and  meafured  the  increafe  or  decreafe 
of  altitude,  which  was  occafioned  by  the  various  degrees  of 
heat.  (See  his  valuable  paper  in  the  67th  vol.  of  the 
Philofophical  Tranfadlions.)  The  refult  of  his  experiments 
is  contained  in  the  annexed  table,  where  the  firfl  column  ex- 
preffes  the  degrees  of  heat,  to  which  the  barometer  was  ex- 
pofed  ; thefecond  column  fhsws  the  altitudes  of  the  mercu- 
rial 
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“ inch  while  the  moon  is  pafiing  from  the  quar- 
“ ters  to  the  full  and  new ; and  elevated,  in  the 
“ fame  proportion,  during  the  return  to  the  quar- 
“ ter.”  A great  fall  of  the  barometer  generally 

takes 


rial  column,  corrcfpondent  with  the  different  degrees  of 
heat;  and  the  third  column  expreffes  the  differences  of  thofe 
expanfions. 


212°. 

202. 

I92. 

182. 

172. 

162. 

152. 

I42. 

I32. 

122. 

112. 

102. 

92. 

82. 

72. 

62. 

52. 

42. 

32- 

22. 

12. 

2. 

O. 


3°>5 r 1 7 

30,4888  * • * ’ 

30,4652 

30,4409  * ’ * * 

3054i59 

3°>39°2 

30,3638 

3C'33367  '* 

30,3090 

30,2807 

30,2518 

30,2223 

30,1922  ’ * ' • 

61  t • 4 

15 

30,1302  * ; ■ 

30,0984 

30,0661 

3=5°  333 
30,0000 
29,9662  * 

29,9319  ’ ’ ’ ’ 

29,8971  ■ ' 
29,8901 


. . 0,0229 
. . 0,0236 

. . 0,0243 

. . 0,0250 
. . 0,0257 
. . 0,0264 
. . 0,0271 
. . 0,0277 
. 0,0283 
. . 0,0289 
. . 0,0295 
. . 0,0301 
. . 0,0307 
. . 0,0313 
. . 0,0318 
. . 0,0323 
. . 0,0328 

. . 0,0333 

. . . 0,0338 

. . 0,0343 

. . 0,0348 
. . 0,0070 
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takes  place  before  high  tides,  efpecially  at  the  time 
of  new  or  full  moon. 

In  the  year  1794,  a regular  rife  and  fall  of  the 
mercury  in  the  barometer  was  oblerved  at  Calcutta 

by 


‘£  From  the  experiments,”  Col.  Roy  fays , “ it  appears, 
<£  that  a column  of  quickfilver,  of  the  temperature  of  320. 
“ fuffained,  by  the  weight  of  the  atmofphere,  to  the  height 
“ of  30  inches  in  the  barometer,  when  gradually  affected  by 
“ different  degrees  of  heat,  fuffers  a progreffive  expanfion  ; 
“ and  that  having  acquired  the  heat  of  boiling  water,  it  is 
cc  lengthened  TsdVo^  parts  of  an  inch : alfo,  that  the  fame 
<c  column,  fuffering  a condenfation  by  320.  of  cold,  extend- 
“ ing  to  the  zero  of  Fahrenheit,  is  fhortened  -/o°o9a9o  parts, 
“ the  weight  of  the  atmofphere  remaining  in  both  cafes  un» 
tc  altered  ; but  that  in  the  application  of  the  barometer  to 
“ the  meafurement  of  altitudes,  fince  the  preffure  and 
“ length  of  the  column  change  with  every  alteration  of 
u vertical  height,  the  correction,  depending  on  the  differ- 
<c  ence  of  temperature  of  the  quickfilver,  will  neceffarily 
u augment  or  diminifh  by  a proportionable  part  of  the 
“ whole.  Thus,  if  the  weight  of  the  atmofphere  fhould  at 
“ any  time  be  fo  great  as  to  fuftain  31  inches  of  quickfilver, 
“ the  correction  for  the  difference  of  temperature  will  be  juft 
“ Part  more  than  that  for  30  inches;  at  25  inches  it 
tc  will  be  5ths;  at  20  inches  *ds  ; at  15  inches  £ ; and  at 
“ xo  inches  only  §d  of  that  deduced  from  experiment,” 
This  reafoning,  however,  is  not  quite  correct ; for  when 
the  original  column  of  quickfilver  is  lefs  than  30  inches,  a 
greater  vacuum  will  remain  in  the  upper  part  of  the  tube, 
and  a fuialler  quantity  of  quickfilver  remains  in  the  lower 

part 
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by  F,  Balfour,  Efq.  During  the  month  of  April* 
beginning  from  fix  o’clock,  in  the  morning,  the  ba- 
rometer rofe  a little  during  four  hours,  then  fell 
during  eight  hours  ; after  which  it  role  again  dur- 
ing 


part  of  it,  in  which  cafe  the  fuppofed  vapour,  which  is  ex- 
tricated from  the  mercury  by  the  heat,  is  Id's  in  quantity, 
anti  finds  a greater  (pace  to  expand  itfelf  in * therefore  the 
irregularity  of  apparent  expanfion,  which  is  occafioned  by 
this  vapour,  is  not  fo  great  as  when  the  column  of  quick- 
filver  in  the  barometer  is  30  inches * fo  that  if  the  experiments 
were  performed  with  a column  of  15  inches,  the  expansions 
would  not  come  out  exa&ly  the  halves  of  thofe  which  are 
{fated  in  the  table,  which  are  the  refults  of  experiments  per- 
formed with  a colum  of  twice  15,  viz.  30  inches  ; the  dif- 
ference however,  would  not  be  very  coniiderable. 

In  order  to  apply  the  correction  for  the  expanfion,  we 
muft  find,  by  means  of  the  preceding  table,  what  the  column 
of  mercury  would  be,  if  the  quickfilver  of  the  barometer 
had  been  at  the  temperature  of  320.  inftead  of  its  actual 
temperature.  For  this  purpofe  the  adual  temperature  of 
the  mercury,  which  is  afeertained  by  means  of  the  thermo- 
meter, muft  be  found  out  in  the  firft  column  of  the  table, 
and  oppofite  to  it  is  the  expanfion  for  a column  of  30 
inches,  or  its  bulk  at  that  temperature.  Then  fay,  as  this 
bulk  is  to  30  inches,  fo  is  the  obferved  altitude  of  the  mer- 
cUry  in  the  barometer,  to  a fourth  proportional,  which  is  the 
corrected  altitude.  Thus,  if  the  obferved  altitude  be  28 
inches,  and  the  temperature  of  the  mercury  be  7 2°.  you  will 
find  30,1302  again  ft  720.  in  the  table*  therefore  fay,  as 
30,1302  : to  : : 2b’  : to  a fourth  proportional,  which  is 

27,879 
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ing  four  hours,  and  then  fell  during  the  laft  8 hours 
of  the  24.  nd  this  took  place  every  day  regularly, 

with  very  few  exceptions. 

But  it  feems,  that  thofe  regular  flufluations  of  the 
barometer  at  Calcutta  could  not  be  owing  to  the 
immediate  action  of  the  moon,  fince  the  moon 
could  not  crofs  the  meridian  every  day  at  the  fame 
time.  So  that  upon  the  whole  it  appears  that  we 
have  very  little,  if  any,  proof  of  the  exiftence  of  a 
diurnal  flux  and  reflux  of  the  atmofphere,  fimilar 
to  the  tides  of  the  fea ; yet  the  caufes  which  render 
the  diurnal  tide  of  the  atmofphere  infenfible  to  us, 
may  be  the  elafticity  of  the  air,  and  the  interference 
of  the  much  more  powerful  effects  of  heat,  cold, 
vapours,  &c. 

Having  thus  given  a fuflicient  idea  of  the  nature 
and  extent  of  the  atmofphere,  and  of  the  ufe  of  the  ba- 
rometer, 1 Ihall  conclude  this  chapter  with  a lilt  of  the 
altitudes  of  leveral  remarkable  mountains,  hills,  and 
other  places,  which  have  been  afcertained  by  various 
ingenious  perfons,  either  geometrically  or  by  means 

of 


27,879  inches;  fo  that  had  the  temperature  of  the  mercury 
in  the  barometer  been  320.  the  oblerved  barometrical  alti- 
tude would  have  been  not  28,  but  27,879  inches. — If  the 
degree  of  temperature  be  not  mentioned  in  the  table,  then 
we  mull:  take  a proportional  part  of  the  difference -of  the 
contiguous  expanfions  in  the  third  column  of  the  table,  and 
muft  add  it  to  the  expanfion  next  below;  for  the  fum  will 
vol.  1/.  $ ^ be 


s 
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of  barometrical  obfervations.  I have,  however, 
preferred  the  refult  of  the  geometrical  meafure- 
ment  to  that  of  the  barometrical,  for  all  thofe 
places  which  have  been  meafured  by  both  means. 

Table  c}  Heights,  expreffed  in  EngliJJo  Feet , as  de- 
termined by  Ai.  De  Luc , Sir  George  Shuckburgb , 
Col.  Ley,  Air.  Bouguer , and  other  Jcientific  Perfons. 


[N.  B.  The  letter  G,  which  follows  Come  of  the  name?, 
means  that  fuch  altitude  was  meafured  geometrically.] 


In  America. 

Chimboracon  — — — 

Cnyambourow  — — — 

Antifana  — — — — 

Pichinha  — — — — 

City  of  Quito  — — — 

In  Africa. 

Table  Mountain  at  the  Cape  of  Good 

Gondar  City,  in  Abyffinia  — - — 

Pic  of  Teneriffe  (by  De  Borda, 

1 1022  feet  high)  — — 

Pic  Ruivo  in  Madeira  — - ■ — 


Above  the 
Ocean. 

1 9595 

1 939 1 
19290 

15670 

9377 


3454 

S44Q 

14026 
51 4i 


he  the  aftual  bulk  of  a column,  which  at  320.  would  be  30 

inches  high. 

Thus  if  the  obferved  altitude  be  28  inches,  and  the  tem- 
perature 47e.  then  470.  is  not  to  be  found  in  the  table ; but 
47 is  equally  diftant  from  42°.  and  520.  which  are  in  the 

table  i 
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In  Europe. 


Above  the  Me- 
diterranean. 


The  fummit  of  Mont  Blanc,  the 
higheft  of  the  Alps,  and,  as  Sir 
George  Shuckburgh  fuppofes,  the 
mod  elevated  point  in  Europe,  Alia, 
and  Africa.  G.  — — — 

Tc  (lands  14432  feet  above  the  Lake 
of  Geneva.  G. 

Monte  Rofa,  being  the  fecond  moun- 
tain of  the  Alps.  G.  — — 

Chamouny,  ground- floor  ofthe  inn  near 
the  foot  of  Mont  Blanc  — — 

The  lake  of  Geneva  — — 

The  deeped  part  of  the  lake  of  Geneva 
The  greated  depth  of  the  lake  being 
393  feet. 

Aiguille  d’Argentiere.  G.  — — 

The  fummit  of  the  GlacieredeBuet.  G. 
The  Dole,  highed  point  of  Mont 


15662 


15084 

3367 

1230 

337 


13402 
10 1 24 


Jura.  G.  — — — 

Pittonj  highed  point  of  Mont  Saleve.  G. 


5523 
45 1 4 
Summit 


table  ; therefore  we  take  the  half  of  the  difference  of  the 
expanfions  for  thofe  degrees,  viz.  the  half  of  0,0328, 
which  is  0,0164,  and  add  it  to  30,0333  ; the  fum  30,0497 
is  the  bulk  anfwering  to  470.  Then  we  proceed  as  before, 
viz.  fay  as  30,0497  : 30  : : 28  : to  a fourth  propor, 
tional,  &c. 

Notwithftanding  the  great  accuracy  of  Col.  Roy’s  expe- 
riments, it  is  believed  that  his  fbtements  of  the  expaniions 
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26  o 

Summit  of  the  Mole  — ■ — 

St.  Joire,  in  a field  at  the  foot  of  the 
Mole.  G.  — — — 

The  lource  of  the  river  Arviron,  at  the 
bottom  of  the  Vallee  de  Glace  — 
The  ball  on  the  higheft,  or  fouth-weft, 
tower  of  St.  Peter’s  church  in  Ge- 
neva (249  feet  above  the  lake)  G. 
F rangy,  at  the  inn,  firft- floor,  below 
the  lake  of  Geneva  — 166 

Aix,  a la  vilie  de  Geneve,  firft- 
fioor,  below  the  lake  of  Geneva  378 
Chambery,  au  St.  Jean  Baptifte, 
firil-fioor,  below  the  lake  of  G.  352 
Aiguebelle,  at  the  inn,  firft-fioor, 
below  the  lake  of  Geneva  — - 190 
LaChambre,  at  the  inn,  firft-fioor, 
above  the  lake  of  Geneva  — 337 
St.  Michael,  at  the  inn,  firft-fioor, 
above  the  lake  of  Geneva  — 1 1 1 3 
Modane,  at  the  inn,  firft-fluor, 
above  the  lake  of  Geneva  — 2220 


Above  tVe  Me- 
diterranean. 

6H3 

1901 

3656 

1479 


2j43 

345° 

Monte 


are  ra tiler  too  great,  and  that  the  mean  cxpanlion  of  an  inch 
of  mercury  for  each  degree  of  Fahrenhcii’s  thermometer, 
between  20°.  and  70°.  (within  which  extremes  mod:  baro- 
metrical obfervations  arc  made)  is  o, coo  102  of  an  inch. 
But  it  is  highly  probable  that  different  fpeeimensof  mercury 
follow  different  rates  of  expanfion.  Admitting  then  the  laft- 
mentioned  expanfion,  we  derive  therefrom  an  eafter  method 

of 
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i 

Monte  Vifo.  G.  — — — 

Lannebourg,  the  foot  of  Mont  Cenis, 
at  the  inn,  firft-floor  — — 

Mont  Cenis,  at  the  poft  — — 

The  fummit'of  Mont  Cenis  — — 
Novalefe,  a:  the  foot  of  Mont  Cenis, 
on  the  fide  of  Italy,  at  the  inn, 
firft-floor  — — — 

Pic  de  los  Reyes,  one  of  the  Pyrennees 
Pic  du  Medi,  one  of  the  Pyrennees  - 
Pic  d’Oflano,  one  of  the  Pyrennees  - 
Canegou,  one  of  the  Pyrennees  — - 
Turin,  a l’Hotel  d’Angleterre,  fecond- 

Piacenza,  St.  Marco,  firft-floor  — - 

Parma,  an  Paon,  firft-floor  — — 

Bologna,  au  Pelerin,  firft-floor  — 
Loiano,  a little  village  on  the  Appe- 
nines,  between  Bologna  and  Florence 
The  mountain  Raticola  — ■ — 


16 1 

Abovs  the  Me- 
diterranean. 

9997 

4408 

626 

9212 


2741 

7620 

93°° 

1 1700 

8544 

941 

263 

3°7 
39  9 

2591 

2901 

The 


of  correcting  the  altitude,  viz.  a method  which  does  not  re- 
quire a table.  For  this  purpofe  we  multiply  the  inches  of 
obferved  barometrical  altitude  by  0,000102,  and  multiply 
that  product  by  the  difference  of  degrees  between  32°.  and 
the  actual  temperature  of  the  mercury ; then  we  add  the  laft 
product  to  the  obferved  barometrical  altitude,  when  the  tem- 
perature of  the  mercury  is  above  32°.  or  fubtract  it  from 
that  altitude  when  the  temperature  is  below  32'’.  and  the 
fum  or  remainder  is  the  corrected  altitude. 

s 3 Thus, 
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The  lummit  of  Monte  Velino,  one  of 
the  Appenines,  covered  with  fnow 
in  June ; about  46  geographical 
miles,  N.W.  of  Rome,  and  which 
is  probably  the  higheft  of  the  Ap- 
penines. G.  — — — 

Florence,  nel  Corfo  dei  Tintori,  50  feet 
above  the  Arno,  which  was  . 8 feet 
below  the  wall  of  the  quay  — — 

Pifa,  aux  Trois  Demoifelles,  fecond- floor 
Siena,  aux  Trots  Reis,  fecond-fioor  - 
RedicofFani,  at  the  Poll,  fir  11  floor  - 
RedicofFani,  the  top  of  the  tower  of 
the  old  fortification  on  the  furhmit 
of  the  rock  — — 

Viterbo,  aux  Trots  Rois , firlt-floor,  on 
the  Ciminus  of  the  Ancients  — 
Rome,  nel  Corfo , 6 1 feet  above  the 
Tyber  — — — — 

The  river  Tyber  at  Rome  — — 


Above  the  Me- 
diterranean. 


8397 


240 

54f 

1066 

2470 


3060 

12S9 

94 

33 

Places 


Thus,  ufing  the  fuppofitions  of  the  preceding  example, 
the  temperature  720.  exceeds  320.  by  40°;  therefore  we 
multiply  28  (which  is  the  obferved  barometrical  altitude) 
by  0,00c  1 02,  anJ  multiply  the  product  0,002856  by  40, 
which  produces  0,11424;  then  fubtraifl:  this  laft  produdt 
from  28,  and  the  remainder  27,88576  inches,  is  the  cor- 
redted  barometrical  altitude ; which  differs  from  the  refult 
of  the  other  method  by  about  one  50odth  part  of  an  inch. 

The  next  confideration  relates  to  the  expanfion  of  air  by 
heat ; and  the  inveftigation  and  application  of  this  expanhon 

are 
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Places  in  Rome. 


Above  the 
Tyber. 


The  top  of  the  Janiculum,  near 
the  Villa  Spada  — — 260 

Aventine  Hill,  near  the  Priory  of 
Malta  — — n7 

In  the  Forum,  near  the  Arch  of 
Severus,  where  the  ground  is 
railed  23  \ feet  — — 34 

Palatine  Hill,  on  the  floor  of  the 
Imperial  Palace  — — 1 33 

Celian  Hill,  near  the  Claudian 
aqueduT  — — — 125 

Bottom  of  the  canal  of  the  Clau- 
dian aqueduct  — — 17  5 

Efquiline  Hill,  on  the  floor  of  St. 

M.  Major’s  church  — — 154 

Capitol  Hill,  on  the  weft-end  of 
the  Tarpeian  rock  — 118 

The  union  of  the  Viminal  and 
Quirinal  Hills,  in  the  Carthu- 
flan’s  church;  Dioclef.  Baths  141 
Pincian  Hill,  in  the  garden  of  the 
Villa  Medici  — — 165 
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293 

150 


67 

166 

158 

208 

187 

i5l 


i74 
1 98 

Top 


are  by  far  the  moll  intricate  and  perplexing  particulars  ot  the 
fu'bjecl ; for  the  air  does  not  only  expand  irregularly  through 
a progreflive  increafe  of  heat;  but  its  expanfrbility  is  dif- 
ferent according  both  to  its  denfity  and  to  its  purity. 

The  beft  contrived,  the  moll  extenfive,  and  the  mod 
cenclufive  experiments  relative  to  this  expanftbility,  were 

s 4 made 
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Above  the 
Tyber, 

Top  ofthecrofs  of  St.  Peter’s  ch.  502 
The  bafe  of  the  obelifk,  in  the 
centre  of  the  Periftyle  — 31 

The  fummit  of  the  mountain  So- 
rade,  lying  about  20  \ geogra- 
phical miles  north  of  Rome.  G.  — 
Mount  Vefuvius,  in  the  kingdom  of 
^Naples.  Mouth  of  the  crater  from 
■whence  the  fire  iffued  in  1776  — 

Mount  Vefuvius,  at  the  bafe  of  the 
cone  — — 

Top  of  the  mountain  Somma,  adjoin- 
ing to  Vefuvius  — __ 

The  fummit  of  mount  IF, tna.  in  Sicily 
Barberino  di  Valdenfa,  between  Boo-- 
geborni  and  Tavernelle  - — — 

Modena,  a V Aihergo  nuovo  — - - — 

Montmelian,  at  20  feet  above  the  river 
Pont  Beauvoifin  — — — 


Above  the  Me- 
diterranean. 

53S 

64 


2271 


3938 

2021 

3738 

10954 

974 

214 

81 1 

70  5 

La 


made  by  the  fame  abovementioned  gentleman,  Col.  Roy, 
afterwards  General  Roy.  The  manner  of  performing  thofe 
experiments,  and  their  refults,  will  be  mentioned  in  a more 
proper  part  of  this  work. 

For  the  prefent  purpofe  we  fhall  only  obferve,  that  if  the 
Rratum  of  air,  which  lies  between  the  two  ftations  of  the 
barometer,  were  of  an  uniform  temperature,  and  of  an  uniform 
degree  of  moifture;  or  even  if  it  were  of  a certain  progrei- 
fivcly  increafing  or  decreaftng  temperature  ; rules  might  be 
7 • devifed 


of  the  Atmofphere , &c. 
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La  tour  du  Pin  — — — 

Verpilliere  — — 

Lyons,  at  the  Hotel  Blanc,  50  ^eet 
above  the  Soane  — 

St.  Jean  la  Vieux  — — — 

Cerdon,  near  the  poft-houfe  at  the  foot 
of  the  rocks  — — — 

Nantua,  10  feet  above  the  lake  — 
Chatillon,  at  the  Logis  Neuf  — 
Colonges  — — — — 

St.  Genis,  apparently  on  a level  with 
the  foot  of  Mont  Jura  — — 

Macon,  at  the  Parc,  24  feet  above 

the  Soane  — — — 

Dijon,  a la  Cloche , the  firft-floor  — 
Auxerre,  50  feet  above  the  river  — 
Sens,  at  the  poll  — — — 

Fontainbleau,  at  the  Grand  Cerf  fe- 
cond-floor  — — — 

Paris,  mean  height  of  the  Seine,  viz. 
quand  les  eaux  Je  trouvent  a 13  pieds 
9 ponces  fur  Pechelle  du  Pont  Royal, 
felon  M.  de  Lalande  — * — 


Above  the  fee* 

93 f 
56  6 

449 

695 

854 
14  23 
1629 
1626 

1501 

5'4 

710 

283 

163 

242 


3^1 

Mr. 


deviled  for  correcting  the  eflcCts  of  aerial  expanfion.  How- 
ever, the  practicability  of  afeertaining  the  various  but  con- 
temporaneous temperature  and  moifture  of  a confiderable 
ftratum  of  air,  feems,  at  lcaft  for  the  prefent,  to  be  utterly 
out  of  our  power. 


In 


— “ 473 


98 
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M.  do  Lalande’s  obfervatory,  at 
the  College  Royal,  firft-floor, 
above  the  Seine,  at  Paris  — 10 1 
Stone  gallery  of  the  church  on 
Mount  Valerien,  above  the 

Seine,  Paris  — 

Depth  of  the  cave  of  the  Royal 
Obfervatory  at  Paris,  below 
the  pavement  — — 

Height  of  the  North  Tower  of 
the  church  of  Notre  Dame  at 
Paris,  above  the  floor.  G.  — 218? 
Chantilly  — — — 

Clermont  — — — 

Amiens,  Rile  de  Noyon , firft-floor 
Abbeville,  firft-floor  — — . 

Mean  height  of  the  river  Thames 
at  London  (viz.  when  the  water 
is  1 5 \ feet  below  the  pave- 
ment in  the  left-hand  arcade  at 
Buckingham-ftairs)  which  is 
above  the  mean  height  of  the 
river  Seine  at  Paris  6,8  — * 


Above  the  Sei, 


137  \ 


50  9 


119 

329 

H7 

79 


43 


Iron 


In  the  prefent  ftate  of  knowledge,  the  only  correction  we 
can  apply  is  founded  upon  the  fuppofition  that  the  tempera- 
ture of  the  whole  Uratum  of  air,  which  lies  between  two 
ftations,  is  the  mean  of  the  temperatures  of  the  air  at  the 
two  ftations  ; and  that  air  of  the  more  common  degree  of 
moiilure  is  expanded,  at  a mean  0,00245  of  its  bulk,  which 

is 
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Iron  gallery  over  the  Dome  or 
St.  Paul’s  church,  in  London 
above  the  church-yard,  North 
fide.  G. 

The  top  of  the  crofs  on  the 
dome  of  the  fame,  above  the 
ground  without  — • — 34° 

Height  of  the  Pagoda  in  Kew- 

gardens.  G.  — — 1 1 6 { 

Warwick,  mean  level  of  the  ri- 
ver Avon  — — — 

Peak  of  Snowdon  in  North  Wales  — 
Moel  Lilio,  North  Wales  — — 

Whernfide  — — — * — 

Pendle-hill  — — — — 

Pennygant  — — — 

Indeborough  — — — 

Halvellyn  — — 

Skiddaw  — — * — 

Crofs-fell  — — — 

Saddleback  — — — 


26; 


Above  tbc  Sc*» 


T55 

3555 

237 1 

4050 
34' 1 
393° 
3987 

33H 

327a 

339° 

3048 

Ben* 


is  called  one,  by  each  degree  of  Fahrenheit’s  thermometer, 
between  20°.  and  70°.  which  is  the  range  of  temperature 
through  which  moll  barometrical  obfervations  are  likely  to 
be  made. — The  rule  then,  which  is  eflablifhed  upon  thofe 
fuppofitions,  i§  as  follows 

Multiply  the  difference  between  320.  and  the  mean  tem- 
per., tu  re  of  the  air,  (viz.  the  mean  between  the  temperatures 
of  the  air,  obferved  at  the  two  ftations)  by  0,00245,  and 

multiply 
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Ben-Moir  — — — — 

Ben-Laurs  — — — — 

Ben-Gloe  — — — — 

Bcn-Lomond  — — — 

Bcnevifh  — — — — 

Shihallion  — — — 

Tin  to  — — — — 

Calton  Hill,  above  Leith  Pier- 
head, Scotland.  G.  — — 344 

Arthur’s  feat,  above  Leith  Pier- 
head, Scotland.  G.  — — 803 

Bafe  of  Hawk-hill  Obfervatory, 
above  the  bottom  of  the  fmall 
rock  on  Arthur’s  feat,  Scot- 
land. G.  — — — 684 

Mount  Hekla  in  Iceland  — — 


Above  the  Sea. 


3 723 


3472 

3180 

435° 

3461 


2342 


4887 

The 


multiply  the  product  by  the  approximated  perpendicular  dif- 
tance,  already  found,  between  the  two  ftations,  and  the  Iaft 
produA  muft  be  added  to,  or  fubtraefed  from  (according  as 
the  mean  temperature  of  the  air  is  above  or  below  320.)  the 
approximated  altitude  ; and  the  fum  or  difference  is  the 
correct  altitude. 

For  if  what  we  have  called  the  approximated  elevation 
gives  the  real  di fiance  between  the  two-  ftations  when  the 
mean  temperature  of  the  air  is  320.  it  is  evident  that  when 
(the  air  is  one  degree  hotter,  its  bulk  is  0,00245  larger  ; 
hence  in  this  cafe  the  fame  weight,  or  the  fame  prefiure  on 
the  mercury  of  the  barometer,  is  produced  by  a frratum  of 
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The  Cafpian  Tea  is  faid  (by  Mr.  Lacre)  to  be  30 6 


feet  below  the  ocean. 


The 


air  thicker  than  the  former  by  0,00245  of  the  whole,  viz.  of 
the  whole  number  of  feet,  or  fathoms,  by  which  that  thick- 
nefs  is  exprefled ; hence  the  quantity  0,00245  mull  be 
multiplied  by  the  number  of  feet  or  fathoms,  which  would 
exprefs  the  real  thicknefs  of  the  ftratum  if  its  temperature 
were  320. — It  is  alfo  evident,  that  if  one  degree  of  heat  in- 
creafes  the  ftratum  0,00245  of  the  whole,  two  degrees  mud: 
increafe  it  of  twice  that  quantity  ; three  degrees,  of  three 
times  that  quantity,  &c.  Therefore  the  above-mentioned 
produdi  mud  be  alfo  multiplied  by  the  number  of  the  degrees 
of  heat,  &c. 

Having  thus  fhewn  the  foundation  of  the  method  of  ap- 
plying the  barometer  to  the  meafuremenc  of  altitudes,  in  fe- 
parate  parts,  for  the  fake  of  perfpicuity,  I fhall  now  collect 
all  the  necefl'ary  rules  under  one  point  of  view  ; which  may 
be  confidered  as  the  ultimate  refult  of  the  inveftigation. 

I.  For  this  purpofe  two  accurate  barometers,  as  nearly 
as  poflible  of  the  fame  conftrudfion,  muft  be  had;  and  each 
barometer  muft  be  furnifhed  with  a thermometer,  which 
muft  be  attached  to  it  in  fuch  a manner  as  to  have  its  bulb 
in  contadf,  or  nearly  in  contact,  with  the  mercury  of  the 
-ciftern  of  the  barometer.  Two  other  feparate  thermometers 
muft  likewife  be  provided. 

One  barometer  and  a detached  thermometer  muft  be  fi- 
tuated  at  each  of  the  two  places,  between  which  the  per- 
pendicular diftance  is  required  to  be  meafured  ; and  the  ob- 
fervations  at  both  places  muft  be  made  by  two  obfervers,  at 
the  very  fame  time;  obferving  the  altitude  of  the  mercury 
in  the  barometer,  the  temperature  of  its  mercury,  which  is 
indicated  by  the  attached  thermometer,  and  the  temperature 

of 
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The  heights  of  the  Afiatic  mountains  have  not, 
as  far  as  I know,  been  meafured  with  any  tolerable 
degree  of  accuracy. 

Not- 


cf  the  ambient  air,  by  means  of  the  detached  thermometer, 
which  for  this  purpofe  muff  be  fituated  in  fome  expofed 
place,  out  of  the  influence  of  a fire,  of  the  fun,  &c.-— Thofe 
two  fets  of  obfervations  mult  be  written  one  under  the 
other,  after  the  manner  of  the  fubjoined  example. 

II.  Each  barometrical  altitude  muft  be  reduced  to  what 
it  would  be,  if  the  temperature  were  320.  which  may  be 
done  two  ways,  viz.  Find  in  the  table  of  mercurial  expan- 
fions,  in  page  254,  the  bulk  cf  mercury  anfwering  to  the 
obferved  temperature  of  the  mercury  ; then  fay,  as  that 
bulk  is  to  30  inches,  fo  is  the  obferved  barometrical  altitude 
to  a fourth  proportional,  which  is  to  be  found  by  the  com- 
mon rule  of  three,  and  is  the  reduced  barometrical  altitude 
in  queftion.  Otherwife,  multiply  the  conftant  quantity 
C5CC0 1 C 2,  by  the  inches  and  decimals  cf  obferved  barome- 
trical altitude,  and  multiply  the  product  by  that  number  of 
degrees  of  heat  by  which  the  temperature  of  the  mercury  in 
the  barometer  differs  from  320.  Then  add  this  laft  product 
to  the  obferved  barometrical  altitude,  if  the  temperature  of 
the  mercury  exceed  320.  ; or  fubtradt  it  from  that  altitude, 
if  that  temperature  be  kfs  than  320. ; and  the  fum  or  differ- 
ence is  the  reduced  barometrical  altitude. — It  is  evident  that 
when  the  temperature  of  the  mercury  is  320.  no  reduction 
will  be  wanted. 

III.  In  a table  of  the  logarithms  of  numbers,  wherein 
the  logarithms  confift  of  feven  places  of  figures,  find  the 
logarithms  anfwering  to  both  reduced  barometrical  altitudes ; 
1'ubiract  the  Idler  from  the  greater ; then  the  remainder 

being 
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Notwithftanding  the  ftupendous  altitude  of  fume 
of  the  abovementioned  mountains  ; it  is  flu. vv n oy 
an  eafy  calculation,  that  the  higheft  mountain  on 
the  furface  of  the  earth  does  not  make  fo  great  an 
appearance,  with  relpeft  to  the  globe  of  the  eaith, 
as  a little  mountain  of  a tenth  of  an  inch  in  height 

would 


being  multiplied  by  60000,  will  give  the  approximated  ele- 
vation in  feet;  or  if  multiplied  by  iocoo,  will  give  it  in 
fathoms.  Both  methods  come  to  the  fame  thing;  but  the 
latter  is  more  expeditious,  becaufe  the  multiplication  o f the 
logarithmic  remainder  by  ioooo  is  done  by  removing  the 
comma  four  figures  to  the  right. 

IV.  Take  the  mean  between  the  temperatures  of  the  air 
at  both  ftations,  which  are  indicated  by  the  detached  ther- 
mometers (viz.  the  half  of  their  fum)  ; take  the  difference 
between  this  mean,  and  320. ; multiply  this  difference  by 
0,00245,  and  multiply  the  product  by  the  approximated 
elevation  already  found.  Then  add  this  laft  product  to,  or 
fubtradl  it  from,  the  approximated  elevation,  according  as 
the  mean  temperature  of  the  air  is  above  or  below  320. ; 
and  the  fum  or  difference  is  the  correct  perpendicular  diftance 
between  the  two  ftations. 

But  this  correction  for  the  expanfion  of  the  air  may  be 
rendered  more  exadt  by  the  ufe  of  the  following  table ; viz. 
take  the  mean  of  the  corrected  barometrical  altitudes,  and 
the  mean  temperature  of  the  air;  find  out  thofe  quanti- 
ties, or  the  neareft  to  them,  in  the  upper  and  in  the  left- 
hand  columns  of  the  table,  and  in  the  place  which  {lands 
juft  under  the  one,  and  level  with  the  other,  vou  will  find 
ihf  expanfion  which  muft  be  ufed  inftead  of  the  above- 

mentioned 
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would  make  upon  a globe  of  two  feet  in  diameter. 
This  calculation  is  made  by  faying,  as  the  diameter 
of  the  earth  is  to  the  altitude  of  the  higheft 
mountain,  fo  is  a diameter  of  two  fee t to  a fourth 
proportional,  which  being  found  by  the  rule  of 
three,  is  the  height  of  a fimilar  mountain  on  a globe 
of  two  feet  in  diameter. 


mentioned  conftant  quantity  0,00245^  viz.  it  muft  be  mul- 
tiplied by  the  difference  of  degrees  between  320.  and  the 
mean  temperature  of  the  air,  as  alfo  by  the  approximated 
elevation,  See.  as  mentioned  in  the  preceding  paragraph. 

N.  B.  There  are  fome  other  ways  of  performing  this 
problem,  and  of  applying  the  corrections ; but  I have  pre- 
ferred the  above  as  being  the  mod  accurate  ; and  more  evi- 
dently deduced  from  the  foregoing  principles. 


Altitude  of  the  mercury  in  the  barometer,  in  inchci. 
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I Mean  Expanfm  of  common  air  for  each  degree  of  Fahrenheit's  Ther- 
mometer between  120.  and  920.  and  under  different  prefjures,  as  indicated 
by  the  height  of  the  mercury  in  the  barometer,  from  19  to  3C  * w/j"' 


IXO.  220.  3.°.  42°  5-10  6:°-  !!l 
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Example  I.  It  is  required  to  determine  the  perpendicu- 
lar diftance  between  the  fummit  and  the  foot  of  a hill,  from 
the  following  obfervations : 

Altitude  of  the  Temperature  Tempei'. 

barometer.  of  mercury.  of  air. 

At  the  foot  of  the  hill  — 29,561  inches  — 63°  — 56° 
At  the  fummit  of  the  hill  28,272  inches  — 54°  — 48° 

■t  rom  the  table  in  page  254,  we  find  the  bulk  of  mercury 
for  63°.  equal  to  30,1  ; therefore  30, 1 : 30  : : 29,561  ; to 
the  reduced  barometrical  altitude,  29,462. 

1 he  bulk  of  mercury  for  54’.  is,  from  the  table,  30,0726  ; 
therefore  30,0726  : 30  : : 28,272  : to  the  reduced  barome- 
trical altitude,  28,204. 

The  logarithm  of  29,462  is  1,4692622 
The  logarithm  of  28,204  is  1,4503107 


The  difference  of  thofe  log.  is  0,0189515 


Now  if  the  comma  be  removed  four  places  towards  the 
right  hand,  this  remainder  will  exprefs  the  approximated 
elevation  in  fathoms  ; viz.  189,515  fathorps.  Or  if  it  be 
multiplied  by  60000,  it  will  exprels  the  fame  approximated 
elevation  in  feet,  viz.  (0,0189515  x 60000  =r ) 1137,09 
feet. 


• • /560  + 48°  N 

I he  mean  temperature  of  the  air  is  ^ ==  J 52°» 

which  exceeds  320  bv  20°;  therefore  (0,00245  X 20  x 
1137,09  — ) 55,7174-1,  which,  fince  the  mean  temperature 
of  the  air  is  above  320,  mull  be  added  to  the  approximated 
elevation,  and  their  lum,  viz.  (1137,09  + 55,71741  —) 
1192,80741  feet,  is  the  corredl  elevation,  or  the  perpendi- 
cular altitude  of  the  hill. 

For  the  fake  of  greater  accuracy,  the  expanfionof  the  air 
may  be  taken  from  the  preceding  table,  according  to  the  Jaffc 
part  of  the  rule;  viz.  the  mean  between  the  reduced  baro- 
metrical altitudes  is  ^ — ^ 28,833  ; and 
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the  mean  temperature  of  the  air  is  52°*  I ^en  *n  tJ^c 
we  find  facing  28,5,  which  is  the  neareft  to  28,833 ; and 
under  52°,  or  properly  under  the  degrees  of  heat  between 
520.  and  62°.  the  quantity  0,00255,  which  quantity  muff 
be  ufed  inftead  of  0,00245-,  therefore  (0,00255  X 20°  X 
1137,09  — ) 57,99 1 59)  which  being  added  to  the  approxi- 
mated elevation,  gives  ( 1 1 37,09  + 57>99’  &c-  —•)  11 95>°^ 
feet  for  the  altitude  of  the  hill,  which  is  a nearer  approxima- 
tion  to  the  truth. 


Example  II.  It  is  required  to  determine  the  perpendi- 
cular altitude  between  two  lituations,  where  the  following 
obfervations  were  made. 


Bar.  altit.  A tt.  Therm.  Det.  Ther. 

Lower  place  - - 29  883  - - 28°.  - - 240. 

Upper  place  - - 29,032  - - 26°.  - - 26°. 

From  the  table  in  page  254,  we  have  the  bulk  of  mer- 
cury for  28°.  equal  to  29,9865;  therefore  fay,  29,9865  : 
30  : : 29,883  ; to  the  reduced  barometrical  altitude 
29,897. 

Alfo  the  bulk  of  mercury  for  26°.  is  29,98  ; therefore 
fay,  29  98  : 30  : : 29,032  : to  the  reduced  barometrical  al- 
titude 29,051. 


The  logarithm  of  29,897  is  1,4756276 
The  logarithm  of  29,051  is  1,4631611 

The  difference  of  thofe  logs.  is  0,0124665,  which,  by  re- 
moving the  comma  four  places  to  the  right,  expreffes  the 
approximated  elevation  in  fathoms,  viz.  124,665  fathoms. 
Or  if  multiplied  by  60000,  will  exprefs  it  in  feet,  viz. 
(0,0124665  x 60000)  747,99  feet. 


The  mean  temperature  of  the  air  is 


( 


240  + 26° 
2 


250, 


which 
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which  is  lefs  than  320.  by  70.  therefore  (0,00245  x 70  X 
747,99  —)  12.828  mufl  be  fubtracted  from  the  approxi- 
mated elevation,  and  the  remainder  735,161  feet,  is  the 
correct  perpendicular  altitude  in  queflion. 

Othcrwife,  inllead  of  the  quantity  0,00245,  the  expanfion 
of  the  air  may  be  taken  from  the  table  in  page  273.  Thus 
the  mean  between  the  reduced  barometrical  altitudes  is 


^ 29,474 ; and  the  mean  temperature 


of  the  air  is  250.  Then  in  the  table  we  find,  facing  29,5, 
which  is  the  neareft  to  29,474,  and  un<^er  25°-  the  quantity 
0,00238.  Therefore  (0,00238  X7°X  748=)  12,46168 
mull  be  fubtracted  from  the  approximated  elevation;  fince 
the  mean*  temperature  of  the  air  is  below  320.  And  the 
remainder,  viz.  (747,99  — 12,46168  = ) 735,53  is  the 
correCt  perpendicular  altitude  between  the  two  iituations. 

Example  III.  Let  the  barometrical  obfervations  made  at 
two  places,  be  28,65,  an^  29,9.  Alfo  let  the  temperature 
of  the  mercury  and  of  the  air  at  both  places,  be  32. 

The  perpendicular  difiance  between  thofe  two  places,  is 
thereby  eafily  determined,  fince  in  this  cafe  no  correction 
needs  be  made  for  temperature. 

The  logarithm  of  29,9  is  1,4756712 

The  logarithm  of  28,65  is  1,4571246 

The  difference  of  thofe  log5,  is  0,0 1 85466,  which  (hews, 
that  the  perpendicular  difiance  in  queflion  is  185,466  fa- 
thoms, or  1 1 12,796  feet. 

After  all,  it  mufl  be  acknowledged,  that  notwithflanding 
the  greatefl  exertions  of  fevers!  ingenious  perfons,  the  me- 
thod of  meafuring  altitudes  by  means  of  barometrical  and 
thermometrical  obfervations,  has  not  yet  attained  a degree 
of  perfection  fufficient  to  fuperf.de  the  geometiical,  or  tri- 
gonometrical, meafurements. 


The 
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The  facility  and  expedition  with  which  the  former  is 
performed,  renders  it  ufeful  whenever  no  very  great  dcgiee 
of  accuracy  is  required;  for  in  general  the  barometrical 
method  eaves  the  perpendicular  diftance  within  about  one 
eightieth  part  of  the  truth  ; for  inftance,  if  the  altitude  given 
by  the  barometer  be  5 60  feet,  the  error  or  deviation  from 
the  true  altitude,  may  amount  to  about  7 feet. 

Several  altitudes,  which  had  been  purpofely  and  accurately 
meafured  by  geometrical  means,  were  afterwards  repeatedly 
meafured  by  means  of  barometrical  obfervations  ; but  the  re- 
fults  of  the  latter  were  found  to  difagree  more  or  lefs  from 
thofe  of  the  former  method.  The  following  is  an  example 
of  this  fort,  which  I have  taken  from  Col.  Roy’s  paper  in  the 
67th  vol.  of  the  Philofophical  Tranfadlions. 

The  perpendicular  diftance  between  two  'places,  having 
been  meafured  geometrically,  was  found  equal  to  730,8 
feet.  The  fame  was  afterwards  meafured  with  all  poftible 
accuracy,  and  at  different  times,  by  means  of  barometers 
&c.  and  the  refult  was,  at  one  time  721,8  feet ; at  a fecond 
time  it  was  734., 6 feet ; a third  time  it  was  733,9  feet ; and 
a fourth  time  it  was  748,4  feet;  the  mean  of  which  refults 
is  734,7  feet. — It  is  evident  that  the  true  or  geometrical 
meafurement  differs  from  every  one  of  thofe  refults,  as  well 
as  from  their  mean. 

This  difagreement,  undoubtedly,  depends  upon  the  vary- 
ing gravity,  and  the  varying  expanfibility,  of  air;  whence 
arifes  the  difficulty  of  afeertaining  the  real  mean  expanfibility 
of  the  ftratum  of  air  which  lies  between  the  two  places  of 
oblervation.  The  air  at  different  altitudes  is  loaded  with 
different  quantities  of  moifture;  hence  its  expanfibility  is 
not  exactly  the  lame  in  any  two  places.  Befides,  both  the 
moifture  and  the  fpecinc  gravity  of  the  air  differ  at  different 
times ; nor  do  we  know  how  to  ascertain  thofe  quantities  at 
dt  rerent  altitudes. 
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It  is  alfo  ncceffary  to  obfcrve,  that  in  different  latitudes 
neither  the  gravity  nor  the  expanfibility  of  air  is  the  fame. 
Hence  the  ratio  of  the  gravity  of  air  to  that  of  mercury  is 
by  no  means  conftant;  nor  is  deadly  ascertained  for  any 
particular  place  and  time.  In  the  province  of  Quito  in 
Peru,  which  (lands  confiderably  above  the  level  of  the 
ocean,  the  altitudes  which  are  deduced  from  barometrical 
observations,  fall  greatly  ffiort  of  the  real  or  geometrical 
menfurations ; whereas  at  Spitzbergen,  they  greatly  ex- 
ceed the  truth.  u It  feems,”  as  Col.  Roy  jujlly  obfervesy 
“ that  the  atmofphere  furrounding  our  globe  might  poffibly 
“ be  compofed  of  particles,  vvhofe  fpeciric  gravities  were 
tc  really  different  ; that  the  lighteft  were  placed  at  the 
“ equator,  and  that  the  denfity  of  the  others  gradually  in- 
tc  creafed  from  thence  towards  the  poles,  where  the  heavieft 
tc  of  all  had  their  pofftion.” 

This  fuppofition  is  corroborated  by  two  obvious  consi- 
derations, namely,  that  on  account  of  the  cold  the  air 
about  the  poles  of  the  earth  is  much  dryer  than  in  other 
places,  and  that  on  account  of  the  polar  diameter  being 
Shorter  than  the  equatorial  diameter,  the  air  which  lies  at 
equal  diflances  from  the  Surface  of  the  earth,  is  actually 
nearer  to  the  centre  of  attraction  about  the  poles  than 
about  the  equator.  We  may  therefore  conclude,  upon 
the  whole,  that  in  order  to  render  the  barometrical  mea- 
surement capable  of  greater  accuracy  than  it  is  at  prefent, 
farther  experiments  anu  observations  mull  be  made  with  all 
pollible  attention,  in  different  latitudes,  and  in  different 
Hates  of  the  atmofphere.  It  is  alfo  probable  that  it  will  be 
found  ufeful  to  accompany  with  the  barometer  and  thermo- 
meter, the  ufe  of  other  inftruments,  luch  as  the  hygrometer, 
the  electrometer,  and  the  manometer. 

Thole  perfons  who  wifti  to  examine  this  Subject  in  a more 
# particular 
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particular  manner,  may  confult  the  following  valuable  pub- 
lications  : M.  de  Luc’s  Recberches  Jur  Its  Modifications  de 
I’ Atmofphere.  Dr.  Horfley’s  Paper  in  the  Philofophical 
Tranfaftions,  vol.  64th.  Sir  George  Shuckburgh’s  Paper, 
M.  de  Luc’s  Paper,  and  Col.  Roy’s  Faper,  all  three  in  the 
67th  vol.  of  the  Philofophical  I raniaitions.  Alio  the 
article  Pneumatics  in  the  Encyclopaedia  Biitannica. 


CHAPTER  X. 


OF  AIR  IN  MOTION,  OR  OF  THE  WIND, 

/‘"TA  H E weight  and  preffure  of  the  atmofpherical 
air  have  been  explained  in  the  preceding 
chapters..  It  is  now  necelTary  to  examine  the  par- 
ticulars which  relate  to  the  motion  of  the  fame 
fluid,  and  thofe  particulars  may  be  arranged  under 
two  principal  denominations,  viz.  of  wind , and  of 
found. 

Wind,  or  a current  of  air,  is  the  progrefiive  mo- 
tion of  air  from  one  place  to  another.  Sound,  or 
the  fenfation  which  we  perceive  through  our  ears  is 
produced  by  a vibratory  motion  of  the  founding 
body,  and  is  conveyed  to  the  ear  by  a vibratory 
motion  of  the  particles  of  air,  or  other  body  which 
intervenes  between  the  founding  body  and  the  ear. 
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The  particles  of  air  in  that  cafe  move  a fhort  way 
backwards  or  forwards  from  their  refpedlive  fitua- 
tions,  and  at  the  end  of  every  other  vibration,  are 
to  be  found  precifely  at  their  original  fituations.— 
W hat  relates  to  found  will  be  treated  of  in  the  next 
chapters ; but  the  progrefiive  movements  of  air 
will  be  examined  in  the  prefent. 

The  theory  of  thofe  movements  may  be  com- 
prized into  four  principal  propofitions ; the  firft  of 
which  is  to  determine  the.  velocity  w:th  which  air 
of  the  ufual  denfity  on  the  furface  of  the  earth,  or  of 
any  denfity,  will  rufh  into  a vacuum  through  a given 
aperture ; the  fecond  is  to  determine  the  velocity 
with  which  air  of  a certain  denfity  will  rufh  into  a 
veflel  containing  air  of  lefs  denfity;  the  third  is  to 
determine  the  velocities  of  the  natural  currents  of 
air,  or  of  the  winds;  and  the  fourth  is  to  deter- 
mine the  refiftance  which  the  air  in  motion  offers  to 
folids  of  a given  fize,  or  the  refinance  which  the  latter 
meet  with  in  moving  throu  h the  air. 

Both  the  theoretical  propofitions,  and  the  caufes 
which  render  the  remits  of  the  experiments  dif- 
ferent from  thofe  of  the  theoretical  propofitions  in 
the  movements  of  water,  and  other  non-elaftic 
fluid  , bear  a great  degree  of  analogy  to  what  may 
be  faid  with  refpedt  to  the  movements  of  air  and 
other  permanently  elaftic  fluids,  excepting  when 
elafiicity  is  concerned  ; hence,  having  been  rather 
particular  in  our  explanation  of  the  former,  we  may 
, be 
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be  allowed  to  be  more  concife  in  treating  ot  die 
latter. 

I.  If  we  confi.ler  air  in  its  natural  ftate,  viz. 
prefled  by  the  weight  of  the  atmofphere,  we  may 
calculate  the  velocity  with  which  it  will  ruth  into  a 
vacuum  through  any  aperture,  by  confidering  it  as 
a non-elaftic  fluid ; but  then  we  mud  take  for  its 
altitude,  the  altitude  of  an  homogeneous  at- 
mofphere,  viz.  fuch  an  altitude  as  is  equivalent 
to  the  natural  decreaflng  altitude  of  the  whole  at- 
mofphere (fee  the  note  in  page  246).  Thus,  when 
the  fpecific  gravity  of  air  is  0,0013,  the  altitude  of 
an  homogeneous  atmofphere  may  be  reckoned  equal 
to  26058  feet.  Then  fmee  the  velocities,  which 
are  acquired  by  falling  bodies,  are  as  the  fquare 
roots  of  the  fpaces ; therefore  (agreeably  to  what 
has  been  laid  in  page  160,  and  following,  of  this 
Second  Part)  the  velocity  .with  which  air  of  the 
ufual  denfity  will  rufh  into  a vacuum  near  the  fur- 
face  of  the  earth,  is  that  which  a body  would  ac- 
quire by  filling  from  the  height  of  13029  feet, 
which  is  the  half  of  26058  ; namely,  the  velocity 
of  1292  feet  per  fecond.  But  this  velocity  is  altered 
by  heat  and  cold,  fince  the  altitude  of  an  homoge- 
neous atmofphere  is  thereby  increafed  or  diminifh- 
ed.  It  is  to  be  obferved,  however,  that  the  varia- 
tion, which  arifes  not  from  a change  of  tempera- 
ture, but  that  which  is  indicated  by  the  barometer 
alone,  will  not  alter  the  height  of  an  homogeneous 
atmofphere,  and  of  courle  neither  will  it  alter  the 

above- 
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above-mentioned  velocity  j becaufe  that  variation 
is  attended  with  a proportionate  denfity  of  the  at- 
mofphere. 

II.  The  velocity  with  which  air  of  the  ufual  den- 
fity  will  rufh  into  a veff  1 containing  air  lefs  denfe, 
may  alio  be  eafily  calculated  ; for  in  this  cafe,  we 
muft  confider  the  air  as  prelfed  not  by  the  whole 
atrnofphere,  but  by  the  difference  between  the 
whole  atrnofphere,  and  that  part  of  it  which  pro- 
duces the  denfity  of  the  air  in  the  vellcl.  Or,  in 
other  words,  the  altitude  of  an  homogeneous  at- 
rro  phere  m It  be  reduced  in  the  proportion  of  the 
ufual  denfity  of  the  air  at  the  furface  of  die  earth, 
to  the  denfry  of  the  air  in  the  velfel  ■,  the  reft  of 
the  calculation  proceeds  exacftly  as  in  the  preceding 
cafe.  The  velocity,  however,  which  is  obtained 
bv  this  means,  will  be  gradually  checked  and  dimi- 
nifhed,  becaufe  by  the  entrance  of  the  external  air, 
the  quanti'y,  and,  of  courfe,  the  denfity  of  the  air  in 
the  veffel,  is  gradually  increafed. 

The  like  calculations  may  be  eafily  and  evidently 
applied  to  the  entrance  of  air,  which  is  preffed  by 
any  given  preffure  greater  or  lefs  than  that  of  the 
whole  atrnofphere ; as  alfo  to  the  efflux  through  a 
given  aperture,  of  air,  which  has  been  confined  in  a 
given  veftel  by  a given  weight.  But  in  pradlice, 
both  the  influx  and  the  efflux  of  air  into,  or  out  of, 
a given  veflel  through  a given  aperture,  turn  out 
by  much  different  from  the  determinations  of  the 
theoretical  calculations  5 which  is  owing  to  the 

fame 
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fame  concurring  and  fluctuating  caufes,  as  have  in 
chap.  V IT.  of  this  Part,  been  fhown  to  aft  ft  the 
movements  of  non-ela(tic  fluids,  viz.  the  attiadfon 
of  aggregation,  the  attraction  of  cohefion,  the  ior- 
mation  of  the  vena  contna^ta  in  certain  cafes,  tne 
want,  or  the  afliftance,  of  an  ajutage  or  fhor;.  pipe 
to  the  aperture,  the  different  dire&ions  which  dif- 
ferent parts  or  filaments  of  fluid  acquire  in  their 
motion,  the  fridion,  &c.  And  in  elaffic  fluids  fu'ch 
variations  muff  evidently  be  greater  than  in  water, 
and  other  non  elaffic  fluids. 

The  fame  obfervations  may  be  made  with  refped 
to  the  paflage  of  air,  and  other  elaffic  fluids, 
through  long  pipes,  channels,  ike.  which  retard  its 
velocity  in  a very  great  degree,  and  the  irregularity 
is  fo  great,  that  no  known  theory  is  fufficient  to  de- 
termine the  effect  in  molt  cafes. 

The  quantity  of  air  difeharged  into  the  atmoff- 
phere,  through  a given  aperture  in  a veffel,  wherein 
the  air  is  p re  fled  by  a given  weight,  as  appears  from 
Dr.  Young’s  Experiments,  feems  to  be  nearly  as 
the  fquare-root  of  the  preflure;  and  that  the  ratio  of 
the  expenditures  by  different  apertures,  with  the 
fame  preflure,  lay  between  the  ratio  of  their  diame- 
ters, and  that  of  their  areas*. 

III..  The  velocity  and  the  force  of  the  wind,  or 
of  a natural  current  of  air,  deferve  to  be  examined 


* Philofophical  T ranfactions  for  1800.  P.  I. 
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with  all  pofflble  attention  ; it  being  owing  to  that 
current  that  we  are  enabled  to  navigate  the  ocean, 
to  make  ufe  of  windmills,  Src.  But  the  obftruc- 
tion  which  the  motion  of  air  receives  from  the  va- 
rious caufes  that  have  been  mentioned  in  fpeaking 
of  non-elaftic  as  well  as  of  elaftic  fluids,  in  the  IVth 
and  in  the  prefent  Chapter  of  this  Second  Part  of 
thefe  Elements,  invalidates  the  application  of  every 
theory,  and  renders  the  refults  of  adlual  experi- 
ments the  only  guides  which  can  direct  us  in  the 
ufe  and  application  of  the  winds. 

The  velocity  of  air  in  natural  currents  of  cer- 
tain denominations,  has  been  attempted  to  be  mea- 
fured  by  various  means.  It  has  been  attempted  by 
meafuring  the  velocities  of  the  Ihadows  of  clouds 
upon  the  furface  of  the  earth  ; but  this  method  is 
very  fallacious:  firft,  becaufe  it  is  not  known  whe- 
ther the  clouds  do  or  do  not  move  exactly  with  the 
air  in  w'hich  they  float ; and  fecondly,  becaufe  the 
velocity  of  the  air  at  the  region  where  the  clouds 
are,  is  by  no  means  the  fame  as  that  of  the  air 
which  is  nearer  to  the  furface  of  the  earth,  and 
fometimes  is  quite  contrary  to  it,  which  is  indicated 
by  the  motion  of  the  clouds  themfelves. 

The  belt  method  of  meafuring  the  velocity  of  the 
wind  is  by  obferving  the  velocity  of  the  fmoke  of  a 
low  chimney,  or  to  eftimate  it  by  the  effect  it  pro- 
duces upon  certain  bodies. 

IV.  Whatever  has  been  faid  in  Chap.  IV.  of  the 
prefent  Second  Part  of  thefe  Elements,  is  fo  evi- 
dently 
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ckntly  applicable  to  the  impulfe  which  an  in  motion 
gives  to  folids,  or  to  the  obftrudion  which  folids 
receive  in  their  movements  through  air;  that  it 
would  be  needle fs  in  this  place  to  dwell  any  longer 
upon  the  theoretical  part  of  the  fubjuft. 

1 The  bed  method  of  eftimating  the  force  as  well 
as  the  velocity  of  the  wind,  is  from  the  effe&s 
which  it  produces  upon  certain  bodies.  The  in- 
ftruments  which  have  been  found  to  anfwer  thefe 
purpofes  in  the  bed  manner,  will  be  delcribed 
hereafter;  but  for  the  prefent  we  ftiall  obferve,  that 
from  the  concurrence  of  the  experiments  which 
have  been  made  with  various  indruments  and  dir  - 
ferent  methods,  the  following  eftimate  has  btei 
deduced ; namely,  that  in  currents  of  air  of  the 
denominations  which  are  expreffed  in  the  fourth 
column  of  the  following  table,  the  air  moves  at  the 
rate  of  io  many  feet  per  fecond  as  are  expreffed  in 
the  fecond  column,  or  of  fo  many  miles  per  hour 
as  are  expreffed  in  the  firft  column.  The  third 
column  expreffes  in  avoirdupoife  pounds,  the  force 
of  the  wind  on  an  area  of  one  foot  lquare,  which  is 
preferred  in  a direction  perpendicular  to  it. 

This  table  was  firft  published  in  the  51ft  volume 
of  the  Philofophical  Tran  factions,  by  Mr.  J'.  Smea- 
ton,  the  celebrated  engineer,  who,  in  his  valuable 
Paper  on  the  natural  powers  of  water  and  wind, 
introduces  it  with  the  annexed  paragraph. 

“ The  following  table,  which  was  communicated 
<f  to  me  by  my  friend  Mr.  Roufe,  and  which  ap- 

“ pears 


286 


Of  Air  in  Motion , 

“ pears  to  have  been  conftruiled  with  great'  care, 

“ from  a confiderable  number  of  fails  and  experi- 

“ ments,  and  which  having  relation  to  the  fubject 

“ of  this  article,  I here  infert  it  as  he  fent  it  to 

“ me  ; but  at  the  lame  time  muft  oblerve,  that 

“ the  evidence  for  thole  numbers,  where  the  velo- 

“ city  of  the  wind  exceeds  50  miles  an  hour,  do 

“ not  Teem  of  equal  authority  with  thofe  of  50 

<c  miles  an  hour  and  under.  It  is  alfo  to  be  ob- 
% 

f<  ferved,  that  the  numbers  in  the  third  column  are 
tc  calculated  according  to  the  fquare  of  the  velocity 
tc  of  the  wind,  which  in  moderate  velocities, 
cc  from  what  has  been  before  obferved,  will  hold 
“ very  nearly*.” 


* The  proportion  upon  which  the  third  column  has  been 
calculated,  feems  to  be,  that  the  impulfe  of  a current  of  air, 
flriking  perpendicularly  upon  a given  furface,  with  a certain 
velocity,  is  equal  to  the  weight  of  a column  of  air  which  has 
that  furface  for  its  hafe,  and  for  its  height  the  fpace  thiough 
which  a body  muft  fall,  in  order  to  acquire  that  velocity  of 
the  air. 
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Hardly  perceptible. 

| Juft  perceptible. 

7 Gentle  pleafant  wind,  or 
\ breezes. 

| Pleafant  brifk  gale. 

| Very  brifk. 

| High  winds. 

| Very  high. 

A {term,  or  temped. 

A great  dorm. 

A hurricane. 

A hurricane  that  tears  lip  trees, 
carriesbuildings before  it, &C.*1 

When^fhe  diredion  of  the  wind  is  not  perpen- 
dicular, but  oblique  to  the  furface  of  the  folid,  then 
the  force  of  the  former  upon  the  latter  will  not  be 
fo  great  as  when  the  impulfe  is  direfr,  and  that  for 


or 


Vel 

the 

•city  of 
Wind. 

Perpendi 
cular 
force  on 

one  foot 

Feet 

area,  in 

in  on? 

in  one 

pounds 

hour. 

fecond. 

avoirdu- 
poi  fe. 

I 

1,47 

0,005 

2 

2,93 

0,020 

3 

4,43 

0,044 

4 

5^7 

0,079 

5 

7 >73 

0, 1 23 

10 

14,67 

0,492; 

15 

2 2,00 

1,107 

20 

29,34 

1,968; 

25 

36,67 

3>°75 

3° 

44,®  *1 

4,429' 

35 

5 *>34 

6,027 

40 

58,68 

7.873 

45 

66,01 

9.963 

5° 

73.35 

1 2,300 

60 

88,02] 

17.7*5 

80 

117,36! 

3*,49° 

100 

1 46,70 

49,200 

* The  velocity  of  the  wind  in  very  great  ftorms  is  fo 
very  uncertain,  that  the  eftimates  given  by  different  perfons 
are  very  far  from  agreeing  with  each  other.  Marlotte 
reckoned  it  at  34  feet  per  fecond  ; Derbam  at  66  feet  per 
fecond  ; and  dc  la  Conclamine  at  90  {-  feet  per  fecond. 

rcafons 
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reafons  which  are  eafily  derived  fiom  the  theory  of 
the  refolution  and  compofition  of  forces,  and  from 
the  theory  of  diredt  and  oblique  impulfes  which  have 
been  delivered  in  the  Firfl  Part  of  thefe  Elements  ; 
alfo  from  what  has  been  Paid  in  the  IVth  Chapter 
of  this  Second  Part.  In  fhort,  the  general  pro- 
pofition  for  compound  impulfes  is,  that  — The 
effective  impulfe  is  as  » the  furface , as  the  Jquare 
of  the  air  s velocity , as  the  fquare  of  the  f.ne  of  the 
angle  of  incidence , and  as  the  fine  of  the  obliquity 
of  the  folid' s motion  to  the  direction  of  the  impulfe , 
jointly  ; for  the  alteration  of  every  one  of  thofe 
quantities  will  alter  the  effedt  in  the  fame  propor- 
tion. But  thofe  general  rules,  as  we  have  already 
more  than  once  obferved,  are  fubjedl  to  great  varia- 
tions ; fo  that  their  refults  feldom  coincide  with 
thofe  of  adtual  experiments.  In  the  motion  of 
foiids  through  air,  a great  retardation  arifes  (be- 
fides  other  caules)  from  the  condenfation  of  the 
air  before' the  folid,  and  from  the  rarefaction,  and, 
with  fome  velocities,  the  vacuum,  which  is  formed 
behind  the  folid  ; hence  nothing  but  adtual  experi- 
ments can  pofiably  illufrate  this  fubjedt  *.  Winds 

* See  Derham’s  Paper  on  the  \ elocily  of  Sound. 
Philofophical  Tranfadtions  Abridged,  vol.  IV.  Robins’s 
Treatife  on  Gunnery.  De  Burda’s  Experiments,  in  the 
Memoirs  of  the  Academy  of  Sciences  lor  1763.  Sinearon’s 
Paper  in  the  Philofophical  Tranfadtiom,  vol.  51ft.  But  a 
great  many  more  experiments  mud  be  inftituted  by  fcicn- 
tife  perfons  before  the  fubjedt  can  be  fufficiently  elu- 
cidated. 


are 
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are  of  great  ufe  to  us  5 but  in  the  application  of  the 
'winds  to  navigation,  to  wind-mills,  and  to  other 
machines,  fome  other  circumftances  mud  likewife 
be  had  in  view ; namely,  the  probable  force,  dura- 
tion, and  direction,  of  the  wind  which  is  likely  to 
blow  in  any  given  place.  Thefe  particulars  mud 
be  derived  from  the  hidory  of  countries,  or  from 
meteorological  journals,  viz.  from  long  and  accurate 
experience. 

It  appears  that  almod  in  all  expofed  fituations, 
fuch  as  the  open  fea,  extenfive  plains,  tops  of  hills, 
& c.  the  wind  almod  always  prevails ; and  few  in- 
deed are  the  days,  or  the  hours,  throughout  the 
year,  in  which  a real,  or  what  is  called  a dead,  calm 
is  to  be  oblerved. 

In  thole  places  for  more  than  three  quarters  of 
the  year  (I  do  not  mean  without  interruption)  the 
force  of  the  wind  is  fudicient  to  work  a nicely 
made  wind- mill,  or  at  lead  to  impel  the  fails  of  a 
fh  ip. 


The  wind  machines  of  larger  fize  and  greater 
power,  which  are  applied  to  pumps  for  extracting 
water  from  deep  pits,  which  are  applied  to  the 
grinding  of  hard  materials,  &c.  require  a higher 
wind  to  put  them  in  motion.  Dr.  Stedman  was 
informed  by  a gentleman  of  experience,  who  had 


ere&ed  a wind-machine  to  drain  his  coal-pit,  that 
he  never  could  depend  upon  more  than  53  or  54 
hours  of  wind  diffident  for  moving  that  machine  in 
a week,  taking  the  year  round.  Dr.  Stedman  him- 
yol.  n,  u felf. 
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felf,  from  a careful  infpedtion  of  a column  for  the 
wind  in  a meteorological  journal,  endeavoured  to 
form  a proportion  between  the  duration  of  wind  of 
a certain  degree,  and  that  of  another  degree. 

“ From  this  computation,”  he  fays , ct  we  have 
(c  2,592  days  in  a week,  or  19,307  weeks  in  a 
“ year,  in  which  wind  machines  of  the  heavier 
“ kind,  and  of  confiderable  fridtion,  may  be  fup- 
‘c  pofed  to  be  kept  in  motion  ; which,  to  the  times 
tC  wherein  they  cannot  go,  is  as  10  to  17.” 

Bur  the  journal  upon  which  he  grounded  his  pro- 
portion, was  the  journal  of  a fingle  place  ; the  pe- 
riod of  years,  as  he  juftly  obferves,  was  too  ffnort; 
the  proportion  for  the  different  months  of  the  fame 
name  in  different  years,  as  alfo  the  proportion  for 
the  different  years,  as  appears  from  the  tables  he  has 
given,  are  too  fluctuating  and  irregular  ; to  which 
we  may  add,  that  the  meteorological  journals  in 
general,  wherein  one  or  two  obfervations  are  ftated 
for  every  24  hours,  do  not  afford  materials  fufhcienc 
for  an  accurate  effimate*. 

The  direction  of  the  wind,  which  is  various  in 
molt  countries,  and  varies  in  the  lame  country,  ac- 
quires its  different  denominations  from  the  four 
principal  quarters,  or  cardinal  points  of  the  world. 
Thus  it  is  called  North  wind,  when  it  blows  from  the 
north  towards  the  fouth  ; it  is  called  Eaji  windy 


* See  Dr.  Stcdman’s  Paper  in  the  67th  volume  of  the 
Philofophical  Tranfadtions. 
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when  it  blows  from  the  eaft  towards  the  weft  ; it  is 


called  South  wind,  when  it  blows  from  the  fouth  to- 
wards the  north,  and  IVeJl  wind , when  it  blows  from 
the  weft  towards  the  eaft. 

The  winds  which  deviate  a little  from  the  cardi- 
nal points,  are  commonly  called  northerly , eajlertyy 
foutherly , and  wejlerly,  winds.  But  for  the  fake  of 
greater  diftin&ion,  the  fpace  or  arch  which  lies  be- 
tween any  two  contiguous  cardinal  points,  is  fup- 
pofed,  by  the  mariners,  to  be  divided  into  eight  equal 
parts,  or  points,  and  each  point  into  four  equal  parts, 
called  quarter-points.  So  that  the  horizon  is  fup- 
pofed  to  be  divided  into  32  principal  points,  which 
are  called  rhumbs,  or  winds,  to  each  of  which  a 
particular  name  is  afligned ; and  thofe  names  are 
derived  from  the  names  of  the  adjacent  cardinal 
points,  as  is  ftiewn  by  the  following  table,  wherein 
the  names  of  all  the  32  points  are  arranged  in  order 
from  the  north,  eaftward,  &c.  but  thofe  names 
are  generally  expreffed  fimply  by  their  initials. 
Thus,  N.  ftands  for  north  ■,  S.  E.  ftands  for  fouth- 
eaft,  &c. 


North 

North  by  Eaft 
North  North  Eaft 
North  Eaft  by  North 
North  Eaft 
North  Eaft  by  Eaft 
Eaft  North  Eaft 
Eaft  by  North 


Eaft 

Eaft  by  South 
Eaft  South  Eaft: 
South  Eaft  by  Eaft 
South  Eaft 
South  Eaft  by  South 
South  South  Eaft 
South  by  Eaft 
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South 

South  by  Weft 
South  South  Weft 
South  Weft  by  South 
South  Weft 
South  Weft  by  Weft 
Weft  South  Weft 
Weft  by  South 


Weft 

Well  by  North 
Weft  North  Weft 
North  Weft  by  Weft 
North  Weft 
North  Weft  by  North 
North  North  Weft 
North  by  Weft. 


Almoft  in  every  country,  the  wind  is  more  or 
lets  predominant  in  a particular  direction;  but  be- 
fore we  begin  to  enumerate  the  obfervations  which 
have  been  made  relatively  to  thofe  directions,  it 
will  be  proper  to  mention  the  caufes,  which,  as  far 
as  we  know,  produce  the  wind,  in  order  that  the 
reader  may  be  enabled  in  fome  meafure  to  compre- 
hend the  reafons  of  the  particular  directions,  which 
will  be  mentioned  in  the  fequel. 

Heat,  which  rarefies,  and  cold  which  condenfes, 
the  air,  are  by  far  the  principal,  and  more  general, 
caufes  which  are  productive  of  a current  of  air  ; and 
the  greateft  general  heat  or  cold  is  derived  from  the 
prefence  or  abfence  of  the  fun. 

The  next  caufe  has  been  juftly  attributed  to  the 
attraction  of  the  fun  and  moon,  whofe  influence  is 
fuppofed,  with  great  probability,  to  occafion  a tide, 
or  flux  and  reflux,  of  the  atmofpherical  fluid,  fimilar 
to  that  of  the  fea,  but  greater,  becaufe  the  air 
lies  nearer  to  thofe  celeftidl  bodies,  and  becaufe 
air  is  incomparably  more  expanfibie  than  water. 


It 
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It  has  been  calculated  by  D’Alembert  from  the 
(general  theory  of  gravitation,  that  the  influence  of 
the  fun  and  moon  in  their  daily  motions,  is  fufti- 
'cient  to  produce  a continual  eaft  wind  about  the 
•equator.  So  that  upon  the  whole  we  may  reckon 
three  principal  daily  tides,  viz.  two  arifing  from  the 
attractions  of  the  fun  and  moon,  and  the  third  from 
the  heat  of  the  fun  alone  : all  which  fometimes 
combine  together,  and  form  a prodigious  tide. 

In  corroboration  of  the  opinion  of  the  influence 
of  the  fun,  and  principally  of  the  moon,  in  the  pro- 
duction of  wind,  we  muft  likewife  mention  the  ob- 
fervations  of  Bacon,  Gaflendi,  Dampier,  Halley, 
&c.  namely,  that  the  periods  of  the  year  moft 
likely  to  have  high  winds,  are  the  two  equinoxes  ; 
that  florms  are  more  frequent  at  the  time  of  new 
and  full  moon,  efpecially  thofe  new  and  full 
moons  which  happen  about  the  equinoxes;  that, 
at  periods  otherwife  calm,  a fmall  breeze  takes 
place  at  the  time  of  high  water ; and  that  a fmall 
movement  in  the  atmofphere  is  generally  perceived 
a fhort  time  after  the  noon  and  the  midnight  of 
each  day. 

Some  aCtion  in  the  production  of  wind  may  alfo 
be  derived  from  volcanoes,  fermentations,  evapora- 
tions, and  efpecially  from  the  condenlation  of  va- 
pours : for  we  find  that,  in  rainy  weather,  a confl- 
derable  wind  frequently  precedes  the  approach  of 
every  Angle  cloud,  and  that  the  wind  fublides  as 
foon  as  the  cloud  has  pafied  over  our  zenith. 

Wherever  any  of  the  above-mentioned  c aides  is 
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conflantly  more  predominant,  as  the  heat  of  the 
fun  within  the  tropics,  there  a certain  dire&ion  of 
the  wind  is  more  conltant;  and  where  different 
caufes  interfere  at  different  and  irregular  periods, 
as  in  thofe  places  which  are  confiderably  diftant 
from  the  torrid  zone,  there  the  winds  are  more 
changeable  and  uncertain. 

In  fhort,  whatever  difturbs  the  equilibrium  of  the 
atmofphere,  viz.  the  equal  denfity  or  quantity  of  air 
at  equal  diftances  from  the  furface  of  the  earth  j 
whatever  accumulates  the  air  in  one  place,  and 
diminifhes  it  in  other  places,  muft  occafion  a 
wind  both  in  diftur'oing  and  in  reftoring  that  equi- 
librium*. 

Thofe  general  obfervations  feem  to  agree  tolera- 
bly well  with  the  following  fadls,  which  have  been 
afcertainecl  by  the  concurring  teftimony  of  fkilful 
feamen,  and  other  obfervers. 

i.  Between  the  limits  of  30°.  north  and  30°. 
fouth  latitude,  there  is  a conftant,  or  almofl  con- 
ftant,  eafterly  wind,  blowing,  but  not  violently,  at 
all  times  of  the  year,  in  the  Atlantic  and  Pacific 
oceans.  This  is  called  the  trade  wind. 


* Mr.  Briffon  is  of  opinion  that  electricity  is  the  prin- 
cipal and  more  general  caufe  which  produces  winds : 
“ famerois  mieux ,”  he  fays,  “ donner  pour  caufe  priemiere 
tc  ct  generate  des  vents , Feleftricite , qiCon  fait  qui  regne  con- 
“ tinuellement  dans  l' atmofphere , et  a la  furface  de  notre 
Cl  globe”  Principes  de  Phyfquc , § 1035* — I am  by  no 
means  of  the  fame  opinion. 


Towards 
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Towards  the  middle  of  the  above-mentioned 
track  of  about  6o°.  viz.  about  the  equator,  the  wind 
blows  either  exadly  from  the  cad,  or  very  little 
diftant  from  that  point ; but  on  the  borders  of  the 
above-mentioned  fpace,  the  wind  deviates  from 
that  point,  viz.  near  the  northern  limit  the  trade- 
wind  blows  from  between  the  north  and  the  ead, 
and  near  the  fouthern  limit,  it  blows  from  between 
the  fouth  and  the  ead. 

The  trade-wind  feems  to  depend  principally 
upon  the  rarefaCtion  of  the  air,  which  is  occafioned 
by  the  heat  of  the  fun  progredively  from  the  ead 
towards  the  wed.  The  air  which  is  rarefied,  and,  of 
courle,  elevated  by  the  heat  of  the  fun  immediately 
over  it,  is  condenfed  and  delcends,  as  foon  as  the 
fun  is  gone  over  another  place  to  the  wed  of_the 
former ; then  the  air  of  the  latter  place  is  rarefied, 
and  the  condenfed  air  of  the  former  rulhes  towards 
it,  &c.  From  the  northern  and  fouthern  parts  of 
the  world,  the  air  like wiFe  runs  to  the  place  which  is 
immediately  under  the  fun  ; but  thofe  directions, 
combining  with  the  eaderly  wind,  which  blows 
nearer  to  the  equator,  form  the  above-mentioned 
north- eaderly  and  fouth-eaderly  winds  on  the  bor- 
ders of  the  trade-wind. 

2.  In  places  that  are  farther  from  the  equator, 
the  rarefaction  which  arifes  from  the  heat  ot  the 
fun,  and  from  the  attraction  of  the  fun  and  moon, 
is  lets  aCtive j and  is  befides  influenced  by  a variety 
of  local  and  accidental  circumdances,  fuch  as  ex- 
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tenfivc  continents,  mountains,  rains,  iflands,  &c. 
which  difbui  b,  interrupt,  or  totally  change  the  di- 
rection of  the  wind.  Hence,  in  thofe  latitudes  north 
and  fouth,  which  are  beyond  the  limits  of  the 
trade-wind,  or  near  the  coafts,  the  winds  are  very 
uncertain  ; nor  has  any  good  theory  been  as  yet 
formed  refpe&ing  them  : 1 fhall,  however,  proceed 
to  enumerate  the  fadts  which  have  been  afeertain- 
ed,  and  to  mention  the  moft  plaufible  elucidations 
of  the  caufes  upon  which  they  mav  depend*. 


winds  which  blow  one  way  during  one  half  of  the 
year,  and  then  blow  the  contrary  way  during  the 
other  hair  of  the  year.  Thofe  winds  are  called 
Monjccns , and  are  explained  in  the  following 
manner. 

It  is  faid,  that  as  the  air  which  is  cool  and  denfe, 
will  force  the  warm  rarefied  air  in  a continual  ftream 
upwards,  there  it  mult  fpread  itfelf  to  preferve  the 
equilibrium.  Therefore  the  upper  courfe  or  cur- 
rent of  air  mull  be  contrary  to  the  under  current; 
for  the  upper  air  mull:  move  from  thofe  parts 
where  the  greateft  heat  is ; and  fo,  by  a kind  of 
circulation,  the  N.E.  trade-wind  below  will  be  at- 
tended with  a S.W.  above;  and  a S.E.  below, 
with  a N.W.  above. 


* Thofe  particulars  have  been  collected  principally  by 
Mr.  Robcrtfon.  See  his  Elements  of  Navigation,  £5.  VI. 
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4.  In  the  Atlantic  ocean,  near  the  coafts  of 
Africa,  at  about  300  miles  from  the  fhore,  between 
the  north  latitudes  of  io°.  and  28°.  leamen  con- 
ftantly  meet  with  a frefh  gale  of  N.E.  wind. 

5.  Acrofs  the  Atlantic  ocean,  on  the  American 
fide  of  the  Caribbee  iflands,  it  has  been  obferved, 
that  the  above-mentioned  N.  E.  wind  becomes 
eafterly,  or  feldom  blows  more  than  a point  from 
the  ealt  on  either  fide  of  it. 

6.  Thefe  trade  winds  on  the  American  fide  are 
ofcen  extended  as  far  as  the  degree  of  N. 
latitude,  which  is  about  40  farther  than  their  ex- 
tenfion  on  the  African  fide.  Alfa,  on  the  fouth-fide 
of  the  equator  the  trade  winds  extend  30,  or  4“ 
farther  towards  the  coaft  of  Brafil  on  the  American 
fide,  than  they  do  near  the  Cape  of  Good  Hope,  or 
African  fide. 

7.  Between  the  latitudes  of  40.  N.  and  40.  S. 
the  wind  always  blows  between  the  fouth  and  eaft. 
On  the  African  fide  the  winds  are  neared  to  the 
fouth  ; and  on  the  American  fide,  neareft  to  the 
eafi.  In  thefe  feas  Dr.  Halley  obferved,  that  when 
the  wind  was  eaftward,  the  weather  was  gloomy, 
dark,  and  rainy,  with  hard  gales  of  wind  ; but  when 
the  wind  turned  to  the  fouthward,  the  weather 
generally  became  ferene,  with  gentle  breezes  ap- 
proaching to  a calm.  Thefe  winds  are  fomewhat 
changed  by  the  feafons  of  the  year  for  when  the 
fun  is  far  northward,  the  Brafil  S.E.  wind  gets 
to  the  fouth,  and  the  N.E.  wind  to  the  E. ; and 

when 


2.9S  Of  Air  in  Motion^ 

when  the  fun  is  far  fouth,  the  S.  E.  wind  gets  to  the 
E.  and  the  N.E.  wind  on  this  fide  of  the  equator 
goes  more  towards  the  north. 

8.  Along  the  coaft  of  Guinea,  from  Sierra  Leon 
to  the  ifland  of  St..  Thomas  (under  the  equator) 
which  is  above  1 500  miles,  the  fontherly  and  fouth- 
weft  winds  blow  perpetually.  It  is  luppofed  that 
the  S.E.  trade-wind,  having  pafled  the  equator,  and 
approaching  the  guinea  coaft  within  240  or  300 
miles,  inclines  towards  the  (hore,  and  becomes  S. , 
then  S.E. , and  gradually,  as  it  comes  near  the  land, 
it  inclines  to  fouth,  S.S.  W.  and  dole  to  the  land  it 
is  S.W.  and  fometimes  W.  S.W. — This  trad  is 
iubjed  to  frequent  calms,  and  to  fudden  gufts  of 
wind  called  tornadoes , which  blow  from  all  points  of 
the  horizon. 

The  wefterly  wind  on  the  coaft  of  Guinea  is  pro- 
bably owing  to  the  nature  and  fituation  of  the  land, 

* <j 

which  being  greatly  heated  by  the  fun,  rarefies  the 
air  exceedingly  ; hence  the  cooler  and  heavier  air 
from  over  the  fea  will  keep  rufhing  in  to  reftore  the 
equilibrium. 

9.  Between  the  latitudes  of  40  and  io°  north, 
and  between  the  longitudes  of  Cape  Verd,  and  the 
eaftermoft  of  the  Cape  Verd  Ifles,  there  is  a trad  of 
fea,  which  feems  to  be  condemned  to  perpetual 
calms,  attended  with  terrible  thunder  and  lightnings, 
and  fuch  frequent  rains,  that  this  part  of  the  fea  is 
called  the  Rains.  It  is  faid  that  ihips  have  fome- 

1 times 
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times  been  detained  whole  months  in  failing  through 
thefe  fix  degrees. 

The  caufe  of  this  feems  to  be,  that  the  wefterly 
winds  fetting  in  on  this  coaft,  and  meeting  the 
general  eafterly  wind  in  this  tradt,  balance  each 
other,  and  caufe  the  calms ; and  the  vapour  carried 
thither  by  the  hotteft  wind,  meeting  the  cooleft, 
is  condenfed,  and  occafions  the  very  frequent 
rains. 

10.  Between  the  fouthern  latitudes  of  io°.  and 
30°.  in  the  Indian  ocean,  the  general  trade-wind 
about  the  S.E.  by  S.  is  found  to  blow  all  the  year 
long  in  the  fame  manner  as  in  the  like  latitude  in 
the  Ethiopic  ocean:  and  during  the  fix  months 
from  May  to  December,  thefe  winds  reach  to 
within  two  degrees  of  the  equator  ; but  during  the 
other  fix  months,  from  November  to  June,  a N.W. 
wind  blows  in  the  tradt  lying  between  the  latitudes 
of  30.  and  10°.  fouth,  in  the  meridian  of  the  north 
end  of  Madagafcar ; and  between  the  latitudes  of 
20.  and  120.  fouth,  near  the  longitude  of  Sumatra 
and  Java. 

1 J.  In  the  tradt  between  Sumatra  and  the 
African  coaft,  and  from  30  of  fouth  latitude  quite 
northward  to  the  Afiaftic  coafts,  including  the 
Arabian  fea  and  the  gulf  of  Bengal,  the  Monfoons 
blow  from  September  to  April  on  the  N.  E.  and 
from  March  to  Qdtober,  on  the  S.W.  In  the 
former  half-year  the  wind  is  more  fteady  and  gentle, 
and  the  weather  clearer  than  in  the  latter  half-year. 
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Alfo  the  wind  is  ftronger  and  Readier  in  the  Arabian 
fea  than  in  the  gulf  of  Bengal. 

12.  Between  the  ifland  of  Madagafcar  and  the 
coaft  of  Africa,  and  thence  northward  as  fir  as  the 
equator,  there  is  a trad,  in  which,  from  April  to 
O ober,  there  is  a conftant  frelh  S.  S.W.  wind, 
which  to  the  northward  changes  into  the  W.S.W. 
wind,  blowing  at  the  fame  time  in  the  Arabian 
fea. 

13.  To  the  eastward  of  Sumatra  and  Malacca 
on  the  north  fide  of  the  equator,  and  along  the 
ccafcs  of  Gambodia  and  China,  quite  through  the 
Philippines  as  far  as  Japan,  the  Monfoons  blow 
northerly  and  foutherly ; the  northern  fctting  in 
about  Odober  or  November,  and  the  fouthern 
about  May.  Thefe  winds  are  not  quite  fo  certain 
as  thofe  in  the  Arabian  fea. 

14.  Between  Sumatra  and  Java  to  the  weft,  and 
New  Guinea  to  the  eaft,  the  fame  northerly  and 
foutherly  winds  are  obferved  ; but  the  firft  half- 
year  Monfoon  inclines  to  the  N.W.  and  the  latter 
to  the  S.E. — Thefe  winds  begin  a month  or  fix 
weeks  after  thofe  in  the  Chinefe  feas  fet  in,  and  are 
quite  as  variable. 

15.  Thefe  contrary  winds  do  not  fhift  from  one 
point  to  its  oppofite  all  at  once,  in  forne  places  the 
time  of  the  change  is  attended  witli  calms,  in  others 
with  variable  winds.  And  it  often  happens  on  the 
fhores  of  Coromandel  and  China,  towards  the  end 
of  the  Monfoons,  that  there  are  moll  violent  Harms, 

greatly 
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greatly  refembling  the  hurricanes  in  theWeR  Indies, 
when  the  wind  is  fo  vaftly  Rrong,  that  hardly  any 
thins:  can  refill  its  force. 

O 4 , 

16.  The  irregularities  of  the  wind  in  countries 
which  are  farther  from  the  equator  than  thofe 
which  have  been  mentioned  above,  or  nearer  to  the 
poles  of  the  earth,  are  fo  great  that  no  particular 
period  has  as  yet  been  difcovcred,  excepting  that  in 
particular  places  certain  winds  are  more  likely  to 
blow  than  others.  Thus  at  Liverpool  the  winds 
are  laid  to  be  wefterly  for  near  two  thirds  of  the 
year  j in  the  fouthern  part  of  Italy  a S.  E.  wind 
(called  the  fehirocco ) blows  more  frequently  than 
any  other  wind,  &c. 

17.  The  temperature  of  a country  with  refpecl 
to  heat  cr  cold,  is  increafcd  or  diminifhed  by 
winds,  according  as  they  come  from  a hotter  or 
colder  part  of  the  world.  The  north  and  north - 
eafterly  winds,  in  this  country  and  all  the  weftern 
parts  of  Europe,  are  reckoned  cold  and  drying 
winds.  They  are  cold  becaufe  they  come  from  the 
frozen  region  of  the  north  pole,  or  over  a great 
tradl  of  cold  land.  Their  drying  quality  is  derived 
from  their  coming  principally  over  land,  and  from 
a well  known  property  of  the  air,  namely,  that 
warm  air  can  diffolve,  and  keep  dillblved,  a greater 
quantity  of  water  than  colder  air : hence  the  air 
which  comes  from  colder  regions  being  heated  over 
warmer  countries,  becomes  a better  folvent  of 
moiRure,  and  dries  up  with  greater  energy  the 
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moift  bodies  it  comes  in  contadl  with  ; and,  on  the 
other  hand,  warm  air  coming  into  a colder  region 
depofits  a quantity  of  the  water  it  kept  in  folution, 
and  occafions  mills,  fogs,  clouds,  rains,  &c.  “ In 

" Oiort,”  Jays  Col.  Royy  “ the  winds  feem  to  be 
**  drier,  denier,  and  colder,  in  proportion  to  the 
“ extent  of  land  they  pafs  over  from  the  poles  to- 
“ wards  the  equator ; but  they  appear  to  be  more 
“ moid,  warm,  and  light,  in  proportion  to  the  ex- 
“ tent  of  ocean  they  pafs  over  from  the  equator 
(e  towards  the  poles.  Hence  the  humidity,  warmth, 
“ and  lightnefs,  of  the  Atlantic  winds  to  the  inha- 
iC  bitants  of  Europe.  On  the  eafe  coalls  of  North 
t:  America  the  feverity  of  the  N.  W.  wind  is  uni- 
“ verfally  remarked  j and  there  can  fcarcely  be  a 
“ doubt,  that  the  inhabitants  of  California,  and  other 
<c  parts  on  the  weft  fide  of  that  great  continent, 
<c  will,  like  thofe  on  the  well  of  Europe,  feel  the 
Cf  drong  effefls  of  a N.E.  wind.” 

1 8.  In  warm  countries  fometimes  the  winds, 
which  blow  over  a great  tradl  of  highly  heated 
land,  become  lb  very  drying,  fcorching  and  fuffo- 
cating,  as  to  produce  dreadful  effedts.  Thele 
winds  under  the  name  of  Solanos , are  often  felt  in 
the  deferts  of  Arabia,  in  the  neighbourhood  of  the 
Perfian  gulph,  in  the  interior  of  Africa,  and  in  fome 
other  places*.  There  are  likewife  in  India,  part 


* See  the  Abbe  Richard’s  Nat.  Hill,  of  the  Air  and  Meteors. 
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of  China,  part  of  Africa,  and  elfewhere,  other 
winds,  which  depofit  fo  much  warm  moifture  as  to 
foften,  and  actually  to  dilTolve  glue,  falts,  and  almoft 
every  article  which  is  foluble  in  water. 

1 9.  It  is  impoffible  to  give  any  adequate  account 
of  irregular  winds,  efpecially  of  thofe  fudden  and 
violent  gufts  as  come  on  at  very  irregular  periods, 
and  generally  continue  for  a fhort  time.  They 
fometimes  fpread  over  an  extenfive  trail  of  country, 
and  at  other  times  are  confined  within  a remarkably 
narrow  fpace.  Their  caufes  are  by  no  means 
rightly  underflood,  though  they  have  been  vaguely 
attributed  to  peculiar  rarefactions,  to  the  combined 
attractions  of  the  fun  and  moon,  to  earthquakes,  to 
eleilricity,  &c.  They  are  called  in  general  hurrt- 
canes,  or  they  are  the  principal  phenomenon  of  a 
hurricane,  that  is,  of  a violent  ftorm. 

Almoft  every  one  of  thofe  violent  winds  is  at- 
tended with  particular  phenomena,  fuch  as  droughts, 
or  heavy  rains,  or  hail,  or  fnow,  or  thunder  and 
lightning,  or  feveral  of  thofe  phenomena  at  once. 
They  frequently  fhift  fuddenly'  from  one  quarter 
of  the  horizon  to  another,  and  then  come  again  to 
the  former  point.  In  this  cafe  they  are  called 
tornadoes. 

Several  years  ago  fome  general  characters  or 
prognoftics  of  hurricanes  were  collected  by  Capt. 
Langford,  which  feem  not  to  have  been  materially 
contradicted  by  fubfequent  obfervations.  See  his 
Paper  in  tne  Philofophical  TranfaCtions  Abridged, 

vol. 
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vol.  II.  p.  105,  from  which  I have  tranlcribed  the 
following  five  paragraphs. 

“ All  hurricanes  come  either  on  the  day  of  the 
tc  full,  change,  or  quarter  of  the  moon.” 

“ If  it  will  come  on  the  full-moon,  you  being  in 
“ the  change,  then  obferve  thofe  figns.” 

“ That  day  you  will  fee  the  fkies  very  turbu- 
“ lent,  the  fun  more  red  than  at  other  times,  a 
u great  calm,  and  the  hills  clear  of  clouds,  or 
“ fogs,  &c” 

“ It  is  to  be  obferved,  that  all  hurricanes  begin 
,c  froin  the  north  to  the  wefhvard,  and  on  thofe 

points  that  the  eafterly  wind  doth  molt  violently 
“ blow,  doth  the  hurricane  blow  moil  fiercely 
“ againft  it;  for  from  the  N.  N.E.  to  the  E.S.E. 
<c  the  eafterly  wind  bloweth  frefheft ; lb  doth  the 
“ W.N.W.  to  the  S.S.W.  in  the  hurricane  blow 
fc  moll  violent ; and  when  it  comes  back  to  the 
<c  S.E.  which  is  the  common  courfe  of  the  trade- 
“ wind,  then  it  ceafeth  of  its  violence,  and  fo 
“ breaks  up.” 

tc  In  a tornado,  the  winds  come  on  feveral 
“ points.  But  before  it  comes  it  calms  the  con- 
<c  flant  eafterly  winds  ; and  when  they  are  paft,  the 
{t  eafterly  wind  gathers  force  again,  and  the  weather 
“ clears  up  fair.” 

Thofe  obfervations  were  intended  for  places 
within,  or  not  far  from  the  torrid  zone,  and  prin- 
cipally for  the  Weft-India  i Hands,  which  are  fre- 
quently vifitcd  by  hurricanes. 
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20.  When  the  gufts  of  wind  come  from  differ- 
ent quarters  at  the  fame  time,  and  meet  in  a certain 
place,  there  the  air  acquires  a circular,  or  rotatory, 
or  fcrew-like  motion,  either  afcending  or  defend- 
ing, as  it  were,  round  an  axis,  and  this  axis  fome— 
times  is  flationary,  and  at  other  times  moves  on 
in  a particular  direction.  This  phenomenon,  which 
is  called  a whirl-wind,  gives  a whirling  motion  to 
duft,  fand,  water,  part  of  a cloud,  and  lometimes 
even  to  bodies  of  great  weight  and  bulk  ; carrying 
them  either  upwards  or  downwards,  and  laftly  fcat- 
ters  them  about  in  different  directions. 

The  water  /pout  has  been  attributed  principally, 
if  not  entirely,  to  the  meeting  of  different  winds. 
In  that  cafe  the  air  in  its  rotation  acquires  a centri- 
fugal motion  (fee  p.  138  of  part  I.);  whence  it  en- 
deavours to  recede  from  the  axis  of  the  whirl,  in 
confequence  of  which  a vacuum,  or,  at  leaft,  a con- 
fiderable  rarefaction  of  air,  takes  place  about  the 
axis,  and,  when  the  whirl  takes  place  at  fea,  or 
upon  water,  the  water  rifes  into  that  rarefied  place  j 
for  the  fame  reafon  which  caufes  it  to  afeend  into 
the  exhaufted  tube  (fee  page  205  of  this  part),  and 
forms  the  water-fpout  or  pillar  of  water  in  the  air  : 
yet  the  various  appearances  of'  water  fpouts  do  not 
feem  to  be  quite  reconcilable  to  the  above  men- 
tioned theory.— -Some  ingenious  perfons  have  con- 
fidered  the  water  fpout  as  an  ele&rical  phenome- 
non ; having  obferved,  that  thunder  clouds  and 
vol.  11.  x lightnings 


x 


306  Of  Air  in  Motion , 

lightnings  have  been  frequently  feen  about  the 
places  where  water  fpouts  appear,  and  likewife  that 
by  means  of  artificial  electricity,  a water  fpout  may 
in  fome  meafure  be  imitated.  But  it  mufl  be  ob- 
ferved,  that  the  lightning  and  other  eledrical  phe- 
nomena appear  to  be  rather  the  neceflary  confe- 
quence  than  the  caufe,  of  the  water  fpout ; it  being 
well  known  that  electricity  is  produced  whenever 
water  is  reduced  into  vapour,  or  vapour  is  con- 
denfed  into  water.  We  Ihall,  however,  examine 
this  particular  in  another  part  of  theie  de- 
ments. 

The  following  are  the  mod  remarkable  fads  re- 
lative to  water  fpouts. 

Two,  or  three,  or  more,  water  fpouts  are  fre- 
quently feen  within  the  Ipace  of  a few  miles,  and 
they  are  moftly  feen  at  fea. 

Their  fize  is  various,  not  exceeding,  however,  a 
few  feet  in  diameter } and  the  lame  water  lpout 
fometimes  increafes  and  decreafes  alternately  ; it 
alfo  appears,  dilappears,  and  reappears,  in  the  fame 
place. 

The  water  fpout  fometimes  proceeds  a little  way 
from  a cloud,  or  a little  way  from  the  lea]  and 
often  thofe  two  Ihort  and  oppofite  fpouts  are  not 
only  direded  towards  each  ether,  but  they  are  ex- 
tended and  meet  each  other. 

When  it  proceeds  from  the  fea,  the  water  about 
the  place  appears  to  be  much  agitated,  and  riles  a 
* Ihort 
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ihort  way  in  the  form  of  a jet  or  fpray,  or  fleam, 
in  the  middle  of  which  a thick,  well  defined,  and 
generally  opaque,  body  of  water  rifes,  and  proceeds 
to  a confiderable  height  into  the  armofphere,  where 
it  is  difiipated  into  a vapour,  or  it  feems  to  form  a 
cloud. 

When  it  proceeds  from  a cloud,  the  clouds 
about  the  fpot  frequently  appear  much  agitated, 

and  an  agitation  of  the  water  immediately  under 

* 

the  fpot  is  generally  feen  at  the  fame  time. 

The  water  fpout  is  frequently  feen  to  have  a fpi- 
ral  or  lcrew-like  motion,  and  fometimes  is  attended 
with  confiderable  noife. 

Some  of  them  (land  in  a perpendicular  direction, 
others  are  inclined,  and  fome  water  fpouts  form  a 
curve,  or  even  an  angle. 

The  water  fpouts  generally  break  about  their 
middle,  and  the  falling  waters  occafion  great 
damage,  either  to  fhips  that  have  the  misfortune 
of  being  under  them,  or  to  the  adjoining  land ; 
for  fuch  fpouts  are  fometimes  formed  on  a lake, 
or  river,  or  on  the  fea  clofe  to  the  land. 

Sometimes  the  water  fpouts  are  feen  where 
there  is  no  appearance  of  whirlwind,  or  where  the 
wind  (at  lead  to  a fpeflator  at  fame  diftance)  ap- 
pears to  blow'  regularly  one  way. 

The  oblique  fpouts  almofl  always  point  from 
the  wind;  for  inllance,  when  the  wind  is  N.E. 
the  fpout  will  point  to  the  S.  W.  fig.  20.  of 

x 2 Plate 
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Plate  XII  i.  rcprelents  a water  fpout  of  the  moll 
complete  form*. 

* Several  particular  accounts  cf  w.iter  fpouts  may  be  feen 
jn  v .rious  volumes  of  the  Philofophical  Tranfadlions,  efpe- 
cially  in  the  4th  volume  of  Jones’s  Abridgment.  Alfo  in 
Franklin’s  Mifcellaneous  Papers;  in  almoft  all  the  accounts 
of  voyages;  and  in  moft  works  upon  Fledricity. 
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CHAPTER  XT. 

OF  SOUND,  OR  OF  ACOUSTICS. 

THE  fenfation,  which  we  perceive  through 
the  organ  of’  hearing,  is  called  found ; fuch 
as  the  found  of  a human  voice,  or  of  the  voices  of 
other  animals ; as  the  found  of  a bell,  or  of  the  fhuke 
of  a hammer,  of  the  wind  amongft  trees,  or  of 
falling  water,  of  an  organ,  & c. 

The  fcience  which  treats  of  found  in  general  is 
called  acoitflics  (from  the  Greek  verb  for  hearing) 
or  phonics  (from  the  Greek  word  which  means  a 
voice  or  found).  And  moll  of  the  other  terms 
which  are  ufed  in  treating  of  found,  are  derived 
from  the  above-mentioned  words  ; fuch  as  diacou- 
Jlics , viz.  of  refrafted  found ; catacoujiics , viz.  of 
reflected  found,  or  of  the  echo  ; otacouftics , viz.  of 
the  means  of  improving  the  fenle  of  hearing,  as  by 
means  of  the  hearing  trumpet,  &c. 

The  body  which  produces  the  found  is  called  the 
Jonorous  body , or  founding  body  ; and  whilft  found- 
ing, the  fonorous  body  is  evidently,  and  unquelli- 
onably,  in  a Rate  of  vibration. 

Air  is  the  only  fubftance  which,  in  common, 
feems  to  exift  between  fonorous  bodies  and  our 
ears  ; and  it  has  been  obferved  that,  ceteris  paribus , 
the  found  of  the  very  fame  fonorous  body,  fuch 
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as  a bell,  a drum,  &c.  is  louder  or  more  power- 
ful, and  may  be  heard  farther,  where  the  air  is 
denfer,  as  in  vallies,  than  where  the  air  is  lefs 
denfc,  as  on  the  tops  of  high  mountains.  There- 
fore we  are  led  to  conclude  that  air  is  the  vehicle 
of  found,  viz.  that  the  fonorous  body  communi- 
cates a vibratory  motion  to  the  furrounding  air, 
which  motion  is  gradually  communicated  from  the 
air  next  to  the  founding  body,  to  that  which  is 
more  diftant  from  it,  fomewhat  like  the  waves 
upon  the  furface  of  water  ■,  until  that  vibratory 
motion  is  communicated  to  the  fenfible  part  of  the 
ear.  But  found  is  likewife  conveyed  by  other  bo- 
dies, both  folid  and  fluid  ; as  will  be  {hewn  in  the 
fequel. 

Infinite  is  the  variety  of  founds ; for  a manifeft 
difference  is  to  be  perceived  between  the  voices  of 
any  two  human  beings,  or  between  the  voices  of 
other  animals ; and  perfuns  who  have  accuftomed 
their  ears  to  nice  difcriminations,  can  diftinguifh  a 
difference  between  the  founds  of  very  fimilar  mu- 
fical  inftruments,  viz.  fuch  as  are  conftructed, 
tuned  and  flruck,  to  all  appearance,  perfectly 
alike. 

The  variety  of  founds  arifes  from  three  caufesprin- 
cipally,  viz.  ift,  from  the  greater  or  lei's  frequency 
of  the  vibrations  of  the  f norous  bodies  j 2dly, 
from  die  quantity,  force,  or  momentum  of  the 
vibrating  particles  which  flrike  the  ear  ; and  3dly, 
from  the  greater  or  Ids  fimplicity  of  the  founds. 

Hence 
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Hence  are  derived  the  height , the  Jlrength,  and 
the  quality  of  a found. 

1.  If  you  (trike  the  firing  of  a mufical  inftru- 
menr,  then  (top  that  firing  in  the  middle,  and 
ftrike  one  half  of  it  only,  or  flop  any  part  of  it, 
and  ftrike  the  other  part,  the  fhort  part  will  per- 
form quicker  vibrations,  or  what  is  called  a higher 
tone,  than  the  whole  firing ; fo  that  the  frequency 
of  the  vibrations  produces  high  or  low,  acute  or 
grave,  fioarp  or  flat,  founds ; for  the  more  frequent 
the  vibrations  are,  the  higher,  or  more  acute,  or 
Harper,  is  the  found  faid  to  be,  and  vice  verfa. 

2.  It he  ftrength  of  found  arifes  from  the  Ipace 
through  which  the  vibrating  parts  move,  or  from 
the  length  of  the  vibrations ; it  is  alfo  owing  to 
reflection.  The  vibratory  motion  of  a founding 
body  is  communicated  fpherically  all  round  the 
body,  and  of  courfe,  like  other  emanations  from  a 
centre,  is  gradually  diminifhed  in  intenfity,  ac- 
cording to  the  diftan-ce  (fee  page  62.  Part  I.)  *. 


* The  decay  of  found,  or  the  diminution  of  its  intenfity, 
has  been  fuppofed  by  D.  Bernoulli,  De  la  Grange,  and  others, 
to  be  nearly  in  the  direit  ratio  of  the  diftances.  But  ot  ter 
ingenious  perfons  have  fuppofed  it  to  be  neaily  as  the  fquares 
of  the  diftances.  Their  reafonings  and  calculations  are 
eftabhf  *d  on  different  principles ; but  all  the  particulars 
which  fhould  be  taken  notice  of  in  this  calculation,  are  by 
no  means  known ; nor  do  we  know  of  any  practical  method 
of  meafuring  the  intenfity  of  lound. 
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But  if  that  communication  be  prevented  on  certain 
Tides,  and  be  permitted  to  take  place  on  a particu- 
lar fide  only  ; or  if  the  vibrations  which  are  com- 
municated by  the  fame  fonorous  body  to  different 
bodies,  be  reflefted  from  the  latter  to  a particular 
place  ; the  found  will  be  heard  in  that  place 
much  louder  than  otherwife.  Hence  arifes  the  effect 
of  the  f peaking  trumx  et}  or  fent  or  aphonic  tube  * j 

hence 


* In  a fpcaking  trumpet  the  found  in  one  direction  is  fup- 
pofed  to  be  increafed,  not  fo  much  by  its  being  prevented 
to  f'pread  all  round,  as  by  the  reflection  from  the  Tides  of  the 
trumpet.  But  as  the  real  aCtion  of  the  inftrument,  or  the 
true  motion  of  the  air  through  it,  is  not  clea.  ly  underftooa  ; 
different  perfons,  according  to  their  particular  conceptions 
of  the  cafe,  have  recommended  peculiar  fhapes  for  the  con- 
ftruCtion  of  fuch  trumpets ; fume  having  recommended  a 
conical  fhape,  others  that  which  is  formed  by  the  rotation  of 
certain  curves  round  their  axes  ; others  again  have  recom- 
mended an  enlargement  or  two  of  the  cavity  in  the  length 
of  the  trumpet,  &c.  That  which  has  been  more  commonly 
recommended  as  the  belt  figure  for  fuch  trumpets,  is  ge- 
nerated by  the  rotation  of  a parabola  about  a line  parallel  to 
the  axis. 

A fpeaking  trumpet  of  the  fhape  moftly  ufed  by  naviga- 
tors, is  reprefinted  at  fig.  15.  Plate  XIII.  It  is  an  hallow 
infirument  of  copper  or  of  tinned  iron-plates.  It  is  open  at 
both  ends;  and  the  narrow  end,  A,  is  fhaped  fo  as  to  go 
round  the  fpeaker’s  mouth,  and  to  leave  the  lips  at  liberty 
within  it.  The  edge  of  this  narrow  end  is  generally  co- 
vered with  Lather  or  cloth,  in  order  that  it  may  more  ef- 
fectually 
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hence  the  effe6l  of  what  are  called  whifpeiv ig 
galleries , or  whifperittg  domes-,  hence  tie  found  of 
a hell,  or  the  report  t f a piftol  in  a room,  produces 
a much  ftronger  effect  upon  om  ears  than  in  the 
open  air,  &c. 

3.  A founding  body  vibrates  in  more  direftions 
than  one  ; for  inftance,  if  a body  of  irregular  lhape 
or  ftze  be  ftruck,  the  thin  parts  of  it  will  perform 
their  vibrations  in  different  times  from  thofe  in 


fectually  prevent  the  paflage  of  any  air  between  the  trumpet 
and  the  face  of  the  fpeaker.  When  a perfon  applies  his 
mouth  to  the  narrow  end,  and,  directing  the  tube  to  a par- 
ticular place,  fpeaks  in  it ; the  words  may  be  heard  much 
farther  and  much  louder  in  the  direction  of  the  trumpet,  by 
perfons  who  are  before  it,  than  they  would  without  the 
trumpet.  A perfon  who  is  not  in  the  direction  of  the 
trumpet  will  hear  the  found  of  it  both  weaker  and  lefs  dif- 
tindf,  in  proportion  as  he  is  more  or  lefs  diftant  from  the  di- 
rection of  the  found  ; which  is  the  direction  ftraight  before 
the  trumpet. 

The  words  which  are  fpoken  through  a fpeaking  trumpet 
may  he  heard  much  farther  and  louder,  but  not  fo  diftinctly, 
as  without  the  trumpet. 

A (peaking  trumpet  has  alfo  been  applied  to  the  mouth  of 
a gun  or  piftol,  by  which  means  the  explofion  has  been  ren- 
dered audible  at  a vaft  diftance. — Such  contrivances  may  be 
ufed  as  iignals  in  certain  cafes. 

See  the  delcriptjon  of  fome  particular  fhapes  of  fpeaking 
trumpets  in  the  Philofophical  Tranfadtions,  N°  141,  or 
Lowthorp’s  Abridgment,  vol.  I.  page  505. 
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which  the  thicker  parts  perform  their  vibrations; 
hence  arife  different  founds  from  the  fame  body  at  the 
fame  time ; and  thofe  different  founds  arc  greater  in 
number  and  quality,  according  to  the  irregularities  of 
the  founding  body.  The  more  uniform  the  lounding 
body  is  in  fhape  and  quality,  the  fimpler,  more 
uniform,  and  more  pleafing  its  found  is ; but  pro- 
bably there  is  no  founding  body  in  nature,  which 
emits  a fingle  found.  However,  when  the  found- 
ing body  emits  one  predominant  found,  and  the 
concomitant  founds  are  barely  diftinguifhed,  then 
that  predominant  found  may  be  confidered  as  a 
Jimple  found. 

From  the  combination  of  the  above-mentioned 
three  caules,  the  various  founds  derive  their  deno- 
minations of  high , low,  -weak,  harfj , clear,  rough , 
fnooth , pie  f ant,  unpleafant,  confufcd,  &c. 

The  human  voice  is  capable  of  exprefling  the 
greateft  variety  of  founds. 

The  vibratory  motion  of  a founding  body  will 
continue  for  a longer  or  fhorter  time  after  the 
ftroke  which  caules  it  to  vibrate,  according  as  that 
body  is  more  or  lefs  elaftic  ; as  it  is  thicker  or 
thinner,  &c. 

This  vibratory  motion,  efpecially  when  the 
founding  bodies  are  large  and  powerful,  as  a large 
bell,  a large  firing  of  a mufical  inftrument,  and 
fuch  like,  is  generally  apparent  to  the  naked  eye; 
but  it  may  be  rendered  Hill  more  manifeft  by 
bringing  a finger,  or  ocher  folid,  very  near  their 
furfaces. 


When 
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When  a firing  of  uniform  fnape  and  quality  is 
ftretched  between,  and  is  fixed  to,  two  lie  ad  y pins, 
as  A B.  fi<*.  1 6,  of  Blate  XI II.  if  it  be  drawn  out 
of  its  natural,  or  quie  cent,  pofition  AB,  into  the 
fituation  ACB,  and  if  then  it  be  let  go,  it  will,  in 
confequence  of  its  elafticiry,  not  only  come  back  to 
its  pofition  AB  ; but  it  will  go  beyond  it,  to  the 
fituation  ADB,  which  is  nearly  as  far  from  AB,  as 
ACB  was  on  tne  other  fide,  and  all  this  motion 
one  way  is  called  one  vibration ; after  this,  the 
firing  will  go  agnn  nearly  as  far  as  C,  making  a 
fecond  vibration ; then  nearly  as  far  as  D,  making 
a third  vibration,  and  fo  on;  diminifhing  the  extent 
of  its  vibrations  gradually,  until  it  fettles  in  its  ori- 
ginal petition  AB. 

It  feems  natural  that  the  air,  which  is  contiguous 
to  the  founding  body,  mud  receive  the  like  vibra- 
tory motion,  viz.  it  mufl  be  caufed  to  perform  vi- 
brations of  equal  duration  with  thofe  of  the  found- 
ing body ; and  thofe  vibrations,  being  fpread  fuc- 
ceflively  through  the  air,  in  their  courfe,  reach  our 
ears,  and  communicate  to  them  the  like  vibrations, 
which  excite  inimis  the  fenfation  of  a particular 
found. 

The  air  communicates  the  above-mentioned  vi- 
brations not  only  to  the  organs  of  hearing  ■,  but  like- 
wife  to  other  folids  in  certain  circumftances,  viz.  to 
fuch  folids  as,  if  flruck,  would  emit  a found  which 
is  either  exablly  like,  or  bears  fome  analogy  to,  that 
of  the  original  founding  body.  Thus  let  the  firing 

of 
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of  a violin  be  tuned  exactly  like  a fimilar  firing  of 
another  violin  ; fo  that  if  either. of  them  be  ftruck, 
the  fame  found  may  be  heard.  Place  a little  bit 
of  paper  upon  the  firing  of  one  of  the  violins,  about 
the  middle  of  it,  and  place  that  inflrument  upon  a 
table  ; let  the  other  violin  be  held  near  it,  for  in- 
ftance,  within  a foot  or  two,  and  in  that  fituation 
flrike  the  above-mentioned  firing  of  the  latter 
violin.  It  will  be  found  that  whilft  this  is  found- 
ing, the  corrtfponding  firing  of  the  other  violin 
upon  the  table,  will  evidently  vibrate,  as  is  mani- 
fefted  by  the  bit  of  paper  upon  it. 

In  fhort,  it  has  been  generally  obferved,  that  if 
of  two  firings,  or  of  two  other  fonorous  bodies, 
which  are  capable  of  performing  their  vibrations 
in  equal  times,  one  only  be  caufed  to  found,  the 
other  firing  or  other  fonorous  body  will  alio  be 
found  to  vibrate,  provided  it  be  not  too  far  from 
the  fiifl  mentioned  fonorous  body. 

The  fame  thing,  though  not  in  an  equal  degree, 
will  take  place  if  one  of  the  fonorous  bodies  be  ca- 
pable of  performing  two,  or  three  .or  four  complete 
vibrations,  whilfl  the  other  is  ;r/ , . ble  of  performing 
one  vibration  only,  and  either  of  them  is  caufed  to 
found. 

If  one  of  the  firings  which  is  put  in  motion,  per- 
forms three  vibrations,  whilfl  another  firing,  which 
is  to  be  fet  a vibrating  by  the  found  of  the  firft,  can 
perform  only  one  vibration  with  its  whole  length; 
then  this  fall  firing  will  divide  itielf  into  three  vi- 
brating 
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brating  parts,  and  there  will  be  two  points  at  reft,  as 
may  be  feen  bv  placing  bits  of  paper  or  other  light 
bodies  upon  different  parts  of  the  latter  firing. 

This  {hews  that  the  vibrations  of  the  founding 
body  are  communicated  to  the  air,  and  by  the  an 
to  the  other  fonorous  body.  It  fhews  likewife,  that 
the  vibrations  of  the  air  muff  be  performed  in  the 
fame  time  as  thofe  of  the  founding  body*. 

The 


• A firing,  or  a body  capable  of  being  put  in  a Hate  of 
vibration,  as  a pendulum  at  reft,  may  be  caufed  to  vibrate  by 
the  repeated  application  of  the  leaft  impulfe,  provided  thofe 
impulfes  be  repeated  at  the  expiration  of  fuch  portions  of 
time  as  the  pendulum,  or  other  body,  would  perform  every 
two  of  its  vibrations  ; for  inftance,  if  a pendulum,  when 
put  in  motion,  would  perform  each  vibration  in  one  fe- 
cond,  and  of  courfe  it  would  come  to  the  fame  fide  every 
other  fecond  ; then  if,  when  fuch  a pendulum  is  at  reft,  you 
give  it  an  impulfe  ever  fo  little  (even  a puff  of  air  from 
your  mouth)  at  the  end  of  every  two  feconds  ; the  pendu- 
lum will  foon  be  feen  to  vibrate.  The  reafon  of  which  is, 
that  from  the  law  of  collifion,  (fee  page  42  of  Plate  I.) 
fince  every  impulfe  muft  produce  a proportionate  effect,  the 
firft  impulfe  muft  caufe  the  pendulum  to  move  a little  out  of 
the  perpendicular,  cr  to  perform  a ftiort,  and  perhaps  3n  in- 
vifible,  vibration;  and  if  no  other  impulfe  were  given,  the 
pendulum  would  by  itfelf  (fee  page  174  of  P.  1.)  perform 
another  vibration  Ihorter  than  the  ffrft,  then  another  ftill 
ftiorter,  and  Co  on  ; but  by  giving  it  the  fecond  impulfe  at 
the  end  of  the  proper  time,  the  effecl  of  that  impulfe,  con* 
fpiring  with  the  natural  motion  of  the  pendulum,  will  enable 

it 
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The  furface  of  water  is  agitated  a little  by  the 
found  of  a large  beil,  or  the  report  of  canon. 
Windows,  wainfeots,  &c.  are  frequently  caufd  to 
vibi  ate  b_  he  found  of  organs,  and  other  large 
iirftruments. 

The  communication  of  the  vibrations  to  the  air 
is  ufually  explained  in  the  following  manner. — Let 
the  fonorous  body  be  a firing  fattened  to,  and 
flretched  between,  two  fixed  pins  ; (for  whatever 
is  faid  with  rtfpefl  to  the  vibrations  of  the  firing, 


it  to  perform  a longer  vibration  than  it  could  perform  with- 
out it.  By  the  fame  way  of  reafoning  it  will  appear  that 
the  third  impulfe  will  increafe  the  length  of  the  vibrations 
ft  ill  more,  and  fo  on. 

If  the  impulfe  be  repeated  at  the  end  of  every  4,  or  every 
6,  &c.  vibrations;  the  vibration  of  the  pendulum  will  alfo 
be  increafed,  and  will  at  laft  become  visible,  but  not  fo  ef- 
fectually as  by  the  repetition  of  the  impulfe  at  every  other 
vibration ; which  is  fo  evident  as  not  to  require  any  farther 
illuttration. 

If  the  impulfes  be  repeated  not  at  the  proper  intervals 
of  time,  then  their  aclion,  inttead  of  conlpiring  with  the 
motion  of  the  pendulum,  will  check  the  little  motion 
which  was  communicated  to  it  by  the  fir  ft  impulfe,  and  of 
courfe  the  vibration  of  the  pendulum  cannot  be  rendered 
vifible. 

Therefore,  whenever  we  finJ  that  a certain  body  is 
caufed  to  vibrate  by  the  reiteration  of  a certain  weak  im- 
pulfe, we  may  conclude  that  fuch  impulfe  has  be  en  repeated 
at  fuch  intervals  of  time  as  the  body  is  capable  of  performing 
two,  or  four;  &c.  of  its  vibrations. 


may 
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may  be  applied  to  the  vibration  of  other  founding 
bodies)  and  a,  b,  c , d,  Sec.  be  a row  of  aerial  par- 
ticles on  one  fide,  and  in  the  diredtion  of  the  vibra- 
tions of  the  firing.  When  this  firing  is  caufed  to 
vibrate,  the  firfl  vibration  will  drive  the  particle  a, 
towards  b,  and  of  courfe  b muft  impel  c towards 
d.  Sec.  but  whiift  the  motion  is  thus  communicated 
from  one  particle  to  the  next,  the  firing  goes  back 
towards  the  axis,  or  performs  its  fecond  vibration. 
This  removes  the  preffure  from  a , b , Sec.  and  befides 
the  firing,  by  its  quick  motion,  occafions  a rarefaction 
at  the  place  where  a little  before  it  had  caufed  a 
condenfation,  in  confequence  of  which  the  particles 
a and  b will  recede  a little  way  from  each  other,  and 
this  expanfion  will  gradually  proceed  through  the 
adjoining  particles ; then  again  another  condenfa- 
tion on  that  fide  takes  place,  &c.  Thus  the  fuc- 
ceffive  waves  or  fhells  of  condenfed  and  rarefied  air 
follow  each  other. 

The  belt  way  of  explaining  the  crofiing  of  vari- 
ous founds,  or  of  the  vibrations  which  arife  from 
feveral  founds  at  the  fame  time,  may  perhaps  be  by 
fuppoiing,  that  the  air  partakes  of  all  the  various  vi- 
brations ; lomewhat  like  the  crofiing  of  the  waves 
of  water  (iee  p.  1 58.)  3 viz.  that  each  fhell  of  con- 
denfed and  rarefied  air,  which  is  the  confequence  of 
one  found,  is  itfelf  alternately  condenfed  and  rare- 
fied in  another  direction,  in  confequence  of  a fecond 
found,  Sec. 

1 he  vibration  of  the  air  cannot  be  ocularly  per- 
ceived. 
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ceived,  except  in  an  imperfedl  manner  by  the  very 
fmall  morion  of  the  particles  of  dull,  fmoke,  &c. 
which  are  feen  to  float  in  the  air  in  certain  lights, 
and  which  are  made  to  vibrate  in  a fmall  degree  by 
the  powerful  found  of  a large  fonorous  body. 

but  the  explanation  of  the  vibration  of  a ftretch- 
ed  firing,  which  we  have  given  above  in  a Ample 
manner  for  the  fake  of  perfpicuity,  is  far  from 
being  accurate  and  complete.  In  the  firfc  place  it 
is  eafy  to  perceive  that  the  firing,  AB,  fig.  16. 
Plate  XIII.  mult  be  longer  when  it  (lands  in  the 
fituation  ACB,  or  A D B,  than  when  it  Hands 
flraight  between  A and  B ; therefore  it  appears, 
that  befides  the  lateral,  there  is  alfo  a longitudinal, 
vibration,  which  is  capable  of  producing  another 
found,  though  not  fo  powerful  as  that  of  the  lateral 
vibration. 

Secondly,  the  firings  of  mufical  inflruments  in 
their  vibrations,  efpeciaily  at  firfl,  form  curves 
fomewhat  different  from  each  other,  according  to 
the  different  methods  by  which  they  are  caufed  to 
vibrate,  viz.  whether  they  be  flruck  in  the  middle, 
or  clofe  to  one  end ; whether  by  the  application  of 
a finger,  or  a quil,  or  a bow,  &c.* 

Thirdly, 


* The  fhapes  which  the  fame  firing  affumes  in  its  vibra- 
tions, after  having  been  flruck  by  different  methods,  may, 
in  great  meafure,  be  perceived.  w Take,”  fays  Dr.  Young, 
“ one  ot  the  lowelt  firings  of  a fquare  piano  forte,  round 
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Thirdly,  the  firing  fometimes  fecms  to  divide 
itfelf  into  parts,  viz.  fome  parts  of  the  firing 
perforin  vibrations  peculiar  to  their  lengths  at  the 
fame  time  that  they  partake  of  the  geneial  vibra- 
tions. 

And,  fourthly,  a firing  feldom  continues  long 
to  vibrate  in  one  and  the  fame  plane ; but  the 
plane  of  its  vibrations  moves  in  different  directions, 
■which  are  far  from  being  regular*.  This  deviation 
of  the  plane  of  vibration  from  its  original  fituation, 
may  probably  be  owing  to  the  obliquity  of  the  im- 
pulfe,  or  to  the  inequalities  in  the  figure  of  the 
firing,  or  to  the  refiftance  of  the  air,  &c.  This 
movement  of  the  plane  of  vibration  may  be  dil- 
cerned  by  viewing  a founding  firing  in  the  direction 
of  its  length. 

If  the  movements  of  a ftretched  filing  be  fo 
complicated  and  uncertain,  one  may  eafily  conceive 
the  difficulty  of  comprehending,  or  of  inveftigating. 


tc  which  a fine  filvered  wire  is  wound  in  a fpiral  form ; con- 
“ tradl  the  light  of  a window  j fo  that,  when  the  eye  is 
<c  placed  in  a proper  pofition,  the  image  of  the  light  may 
ct  appear  fmall,  bright,  and  well  defined  on  each  of  the  con- 
“ volutions  of  the  wire.  Let  the  chord  be  now  made  to 
tc  vibrate,  and  the  luminous  point  will  delineate  its  path, 
li  like  a burning  coal  whirled  round,  and  will  prefent  to  the 
“ eye  a line  of  light,  which,  by  the  affiftance  of  a mierofcope, 
“ may  be  very  accurately  obferved.”  Phil.  Tranf.  for  1800. 
Pagc  1 35- 
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the  movements  of  other  founding  bodies,  the  greatefl 
part  of  which  are  vaftly  mote  irregular  in  fhape  and 
quality  than  the  ftretched  firing. 

I he  vibrations  of  the  air,  whch  are  produced 
by  the  above-mentioned  movements  of  the  fame 
lounding  body,  mud  evidently  be  very  complicated 
and  uncertain.  Befides,  even  in  the  fimpleft  mode 
of  vibration,  as  that  of  the  firing;  :t  is  evident 
that  the  collapfingof  the  air  behind  it  mud:  occafion 
another  fort  of  vibration,  befides  that  which  is 
produced  on  the  fore  part  of  the  firing,  in  fhort, 
it  muft  be  confeffed,  that  the  real  motion  of  the 
air,  or  its  various  movements,  in  its  conveyance  of 
found,  are  far  from  being  rightly  under  ood. 

Mofl  fonorous  bodies  not  only  perform  different 
vibrations  at  the  fame  time,  but  they  may  be 
cauled  to  perform  certain  vibrations  and  not  others, 
or  they  may  be  caufed  to  vibrate  at  pleafure  in 
certain  diredlions  more  powerfully  than  m other 
diredlions ; and  that  by  tiie  different  manner  of 
holding  or  ftriking  them.  Thus,  if  a glafs,  partially 
filled  with  water,  be  ftruck  on  the  fide,  it  will  emit 
one  found,  and  if,  inflead  of  that,  you  rub  your 
wet  finger  over  the  edge  of  it,  you  will  perceive  a 
different  found. 

Mofl  oblong  and  elaftic  bodies  may  be  caufed  to 
vibrate  longitudinally  by  means  of  proper  friction 
in  the  direction  of  their  length.  They  may  be 
rubbed  with  the  finger,  or  with  any  Jb;t  fubftance 

over 
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over  which  Tome  pounded  rofin  is  fp rend.  1 he 
beft  way  of  rubbing  glafs  rods,  is  by  means  of  a 
wee  rag  beftrewed  with  fine  fand  *. 

The  founds  which  arife  from  the  longitudinal 
vibrations  of  fonorous  bodies,  are  confiderably 
higher  than  thole  which  are  produced  by  the  la- 
teral vibrations  of  the  fame  bodies.  The  former 
agree  with  the  latter  in  this,  viz.  that  they  are 
higher  or  lower  inverfely  as  the  lengths  of  the  fo- 
norous body;  but  otherwife  a very  ftriking  dif- 
ference is  to  be  remarked  between  the  production 
of  the  former  and  that  of  the  latter;  namely,  that 
the  production  of  the  latter  depends  upon  the 
•length,  weight,  and  tenfion  of  the  firing  or  other 
fonorous  body  : whereas  the  former  depend  more 
upon  the  quality  or  nature  of  the  fonorous  body, 
than  upon  its  thicknefs  and  weight.  “ I have  ex- 
“ amined,”  fays  Dr.  Chladni , <c  every  fubltance 
cc  which  I could  obtain  in  a fufficiently  long  rod- 
<c  like  form,  in  regard  to  longitudinal  vibration  ; 
<c  for  example,  many  kinds  of  wood  and  metal, 
“ alfo  glafs,  whalebone,  &c.  The  fpecific  gravity 


Dr.  Chladni  of  Wittemberg,  who  has  made  a very  great 
number  of  experiments  on  the  longitudinal  vibrations  ef 
elaftic  bodies,  lately  contrived  a mufical  inftrument,  which 
he  calls  the  enphon , and  which  confifts  of  glafs  rods  difpofed 
in  a proper  frame,  which  exprefs  their  founds  by  being 
rubbed  longitudinally.  A ftiort  account  of  this  inftrument 
may  be  feen  in  the  Phil.  Mag.  vol.  II.  p.  3 q,. 
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<c  makes  no  difference ; for  fir-wood,  glafs,  and 
“ iron,  give  almofl:  the  fame  tone,  as  alfo  brafs, 
“ oak,  and  the  fhanks  of  tobacco-pipes  made  of 
“ clay*'.” 

Different  bodies  are  more  or  lefs  fonorous ; but 
that  property  does  not  feem  to  be  entirely  depen- 
dent, either  upon  their  fpecific  gravity,  or  their  te- 
nacity, or  even  their  elaflicity.  Copper  feems  to  be 
the  moft  fonorous  of  the  fimple  metals,  then  comes 
iilver,  then  iron,  tin,  platina,  gold,  and,  laffly, 
lead,  which  feems  to  be  the  leafl  fonorous  metallic 
fubffance. 


* Dr.  Chladni  has  rendered,  in  great  meafure,  apparent  the  : 
different  forts  of  vibration,  or  rather  the  different  parts  of 
Hat  fonorous  bodies,  which  are  caufed  to  vibrate  by  peculiar  ! 
managements. — His  method  is  briefly  as  follows  : 

If  you  take  a pane  of  glafs,  or  a thin  metallic  plate,  or  r 
piece  of  board,  Sec.  and  ftrew  very  light  bodies,  fuch  as  fine 
land,  over  it.  Then,  holding  it  horizontally  between  your  i 
finger  and  thumb,  you  rub  a violin  bow  acrofs  the  edge  of 
the  plate  ; you  will  find  that  part  of  the  plate  is  thereby 
caufed  to  vibrate,  as  will  be  fhewn  by  the  motion  of  the 
land;  and  by  continuing  the  friction  of  the  bow,  you -will 
perceive  that  the  fand  will  be  gradually  removed  from  the  I 
vibrating  parts,  to  thofe  parts  which  do  not  vibrate. 

By  holding  the  plate  in  different  places,  and  by  applying 
two  or  more  fingers  to  it,  and  then  rubbing  the  bow  acrofs 
one  part  or  another  of  the  edge,  the  fand  may  be  caufed  to 
aflitmc  different  forms  (called  vibration  figures)  fuch  as  a 
circle,  an  ellipfis,  a quadrangle,  Sic,  See  the  Phil.  Mag. 
vol.  Ill-  p.  389. 
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The  communication  of  the  vibrations  from  the 
vibrating  part  of  a ftretched  ftring  to  fome  other 
part  of  it,  which,  at  firft  fight,  might  be  fuppofed 
to  be  at  reft,  is  likewife  attended  with  remarkable 
phenomena*. 

If  you  divide  a ftring,  as  AD,  fig.  17.  Plate  XIII. 
into  three  equal  parts  AB,  BC,  CD,  by  placing 
dots  at  C and  B ; place  a bridge,  like  a violin 
bridge  at  B,  alfo  place  light  bodies,  fuch  as  fmall 
bits  of  paper,  at  C,  and  at  other  places  of  the  part 
BD  ; then  draw  a violin  bow  over  the  part  AB  ; 
you  will  find  that  all  the  bits  of  paper  will  be  thrown 
off  from  the  part  BD,  excepting  the  one  at  C ; 
fhewing  that  the  point  C remains  at  reft,  whilft  the 
remainder  of  the  ftring  is  vibrating. — This  point, 
and  all  other  points  whereon,  in  fuch  experiments, 
the  bits  of  paper  remain  at  reft,  as  alfo  the 
point  B,  where  the  bridge  is  fituated,  are  called 
1 vibration  nodes. 

Divide  the  ftring  AB  (fig.  18.  Plate  XIII.)  by 
the  points  C,  D,  E,  F,  into  live  equal  parts ; inter- 
cept, by  means  of  two  bridges,  the  part  DE;  place 
fmall  bits  of  paper  upon  C and  F,  as  alfo  upon 
other  parts  of  the  ftring  ; then  rub  the  violin  bow 
acrofs  the  part  DE,  and  you  will  find  that  all  the 
bits  or  paper  will  be  fhaken,  except  thole  at  C 
and  F. 


* See  Voigt’s  Experiments,  in  Gren’s  Journal  de  Phys. 
vol.  II.  Part  ill. 
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Thus,  by  a proper  divifion  of  the  firing,  and  by 
intercepting  one  or  more  aliquot  parts  of  it,  &c. 
any  moderate  number  of  vibration  nodes  may  be 
exhibited*.  But  it  mult  be  obferved,  that  in 
thofe  experiments,  the  communication  of  motion 
from  the  founding  part  of  the  firing,  to  the  other, 
may  be  effe&ed  not  fo  much  through  the  fubftance 
of  the  firing,  as  through  the  air.  See  p.  3*15. 

In  an  organ  pipe,  and  other  wind  inftruments,  it 
is  not  the  inftrument  itfelf  that  principally  vibrates  ; 
or  rather  the  found  is  produced  by  the  vibration  of 
the  column  of  air  within  the  pipe.  In  a large  organ 
pipe  this  vibration  of  the  column  of  air,  which  is 
fomevvhat  longer  than  the  pipe,  may  be  felt  by 
applying  the  open  hand  to  the  aperture  of  the 
pipe.  But  the  particular  manner  in  which  this 
vibration  is  performed,  is  by  no  means  rightly 


# The  general  rule  for  finding  out  the  number  of  vibra- 
tion nodes,  according  to  any  divifion  of  the  firing,  is  as 
follows  : 

Suppofe  the  firing  to  be  divided  into  n number  of  parts,  and 
that  the  portion,  which  is  intercepted  by  the  bridge  or  bridges, 
confifts  of  m number  of  fuch  parts  5 exprefs  the  ratio  of  n 
to  m in  the  lowett  terms ; fub trail  the  latter  from  the 
former,  and  the  remainder  fbews  the  number  of  vibration 
nodes.  Thus,  in  the  firfi  example,  n is  equal  to  3,  m is 
equal  to  1,  and  1 being  fubtraited  from  3,  there  remains 
2;  fo  that  the  vibration  nodes  are  2,  viz.  one  at  C,  and  the 
pther  at  D, 


underftcod. 
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imderftood.  The  found  of  the  lame  pipe  may  oe 
incre  fed  or  diminifhed  in  quantity,  or  in  acutenefs, 
by  Pip  [dying  the  p 1 pe  with  different  quantities  of 
air,  and  by  particular  modes  oi  blowing  . 

Upon  the  whole  it  appears,  that,  by  certain  ma- 
nagements, the  height  of  a found  may  be  increafed 
or  diminifhed  ; and,  by  other  managements,  the 
ftrength  and  quality  of  the  found  may  be  altered. 
Thus  expert  violin  players  pals  the  bow  over  the 
firings  fometimes  very  clofe  to  the  bridges  of  their 
violins  i and,  at  other  times,  at  a greater  distance, 
or  nearer  to  the  middle  of  the  firings:  by  which 
means,  cateris  paribus,  they  actually  produce  dif- 
ferent effefls. 

It  alfo  appears  that  every  found,  even  thofe  of 
the  fimpleft  mufical  inftruments,  is  accompanied 
with  other  inferior,  fecondary,  or  lefs  audible, 
founds ; and  thofe  fecondary  founds  are  heard  more 
diflinclly  when  the  founding  bodies  are  large  or 
powerful,  and  when  the  piincipal  found  is  grave 
and  continuate,  than  otherwile.  — Hereafter,  in 
fpeaking  of  the  founds,  or  of  the  vibrations,  of 
founding  bodies,  we  mean  only  the  vibrations 
which  produce  the  principal  or  predominant  found, 
unlefs  the  contrary  be  mentioned. 

We  fhall  now  llate  tivj  moil  ufeful  faffs  and  ob* 
fervations  which  have  been  eilablilhed  and  made 


* See  Dr.  Young’s  Experiment:-,  Phil.  Tranf;  ror  1800. 
p.  121. 
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by  vai  ions  ingenious  perfons,  concerning  the  velocity, 
intenfity,  communication,  refiedlion,  and  other  pro- 
perties of  iounds  in  general. 

Sound  is  propagated  fucceffively  from  the  found- 
ing body,  to  the  places  wnich  are  nearer  to  it,  then 
to  thofe  that  are  farther  from  it,  &c. 

A great  many  long  and  lab'  rious  calculations 
have  been  made  by  divers  able  philofophers  and 
mathematicians,  for  the  purpofe  of  deducing  the 
velocity  of  found  through  the  air,  from  the  known 
weight,  elafticity,  and  other  properties  of  air  ; but 
the  refults  of  fuch  calculations  differ  confiderably 
from  each  other,  as  alfo  from  the  refults  of  actual 
experiments,  which  fhews  either  that  the  calcula- 
tions have  been  eftablifhed  upon  dei’edlive  princi- 
ples, or  that  not  all  the  concurring  circumflances 
have  been  taken  into  the  account.  Therefore, 
without  mentioning  any  thing  farther  with  re- 
fpedt  to  thofe  calculations,  I fhall  immediately 
hate  the  refult  of  authentic  and  ufeful  experi- 
ments. 

Almoft  every  body  knows,  that  when  a gun  is 
fired  at  a confiderable  diftance  from  him,  he  per- 
ceives the  flafh  a certain  time  before  he  hears 
the  report ; and  the  fame  thing  is  true  with  re- 
fpett  to  the  ftroke  of  an  hammer,  of  an  hatchet, 
with  the  fall  of  a ftone,  or,  in  fhort,  with  any 
vifible  adlion  which  produces  a found  or  founds. 
This  lime  which  found  employs  in  its  motion 

through 


Of  Sound , or  of  Acouftics.  3 2 9 

through  the  common  air,  has  been  meafured  by 
various  ingenious  perfons.  The  principal  and  more 
general  method  has  been  to  meafure  (by  means 
of  a flop  watch  or  a pendulum)  the  time  which 
elapfes  between  the  appearance  of  the  flafh,  and 
the  hearing  of  the  report  of  a gun  fired  at  a certain 
meafured  diftance  from  the  obferver ; for  light 
travels  fo  fall  through  the  difiance  of  1000,  or 
20C0  miles,  that  we  cannot  pofiibly  perceive  the 
time  ; therefore  we  may  conclude  that  the  explo- 
fion  of  a gun  takes  place  at  the  very  lame  moment 
in  which  we  perceive  the  flafh. 

In  the  firfi  place  it  has  been  unanimoufly  ob- 
ferved,  that  found  travels  at  a uniform  rate,  viz. 
that  it  will  go  as  far  again  in  two  feconds,  as  it 
will  in  one  fecond;  that  it  will  go  three  times  as 
far  in  three  feconds,  or  four  times  as  far  in  four  fe- 
conds, as  it  will  in  one,  and  fo  on.  Therefore,  in 
the  above-mentioned  manner  of  performing  the 
experiment,  if  the  difiance  (in  feet)  between  the 
cannon,  and  the  obferver,  be  divided  by  the  num- 
ber of  feconds  elapfed  between  the  perceptions 
of  the  flafli  and  of  the  report,  the  quotient  will  (hew 
the  rate  of  travelling,  or  how  many  feet  per  fecond 
found  runs  through. 

This  rate  has  been  eft i mated  differently  by 
different  perfons,  whofe  experiments  have  been 
performed  at  different  times,  in  different  places, 
and  with  inftruments  more  or  lels  accurate,  viz. 


Of  Sound t or  of  Acouflics. 


33° 

Fe;t 

per  Stconi. 

(<?)  Bv  Sir  Ifaac  Newton,  at  the  rate  of  968 


(/>)  By  the  Hon.  Mr.  Roberts,  at  - 1.300 

(c)  By  the  Hon.  Mr.  Boyle,  at  - - 1200 

(d)  By  Mr  Walker,  at  - - - - 1 3 3B 

( e ) By  Merfennus,  at  - - 1474 

(y)  By  the  Florentine  Academicians  - 1148 

By  the  French  Academicians  - 1172 

(/j)  De  Thury,  Maraldi,  and  de  ia 

Caille - - - 1107 

(i)  By  Flamftead,  Halley,  and  Der- 

ham,  at------  - 1142 


Dr.  Derham,  as  it  appears  from  the  account  in 
the  Philofophical  Tranfadtions,  feems  to  have  made 
the  greateft  number  of  accurate  and  more  diverfi- 
fied  experiments ; therefore  wc  may  take  his  con- 
clufion,  which  coincides  with  thofe  of  Flamftead 
and  Halley,  as  the  neareft  to  the  truth,  viz.  that. 


(a)  Principia.  B.  II.  Prop.  50. 

(b)  Phil.  Tranf.  n.  209. 

(r)  Eflay  on  Motion. 

{d)  Phil.  Tranf.  n.  247. 

( ■)  Baliftic.  Prop.  39. 

(f)  Expts.  of  the  Acad,  del  Clmcnto.  p.  141. 

(gj  Du  Hamel  Hi  ft.  Acad.  Reg. 

( h ) Taey  reckoned  it  equal  to  173  toifes,  which  are 
nearly  zz  1107  feet  Englilh.  See  Mem.  de  l’Acad. 
for  1738,  p.  128,  &c. 

(i  j Phil.  Tranf.  Jones’s  Abrid.  vol.  IV.  p.  396. 
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in  general,  found  travels  uniformly  thiough  the 
atmofpherical  air  at  the  rate  of  1 14-  PCl 
cond,  or  one  mile  in  little  lefs  than  5 lcconds  ; at 
leaft,  this  refult  cannot  differ  from  tne  tiutn  by 
more  than  15  or  20  feet*.  But  it  will  appear  from 
the  following  paragraphs,  and  from  the  difficulty  of 
meafurinsr  time  to  a fraction  of  a fecond,  that  no 

O 

very  great  degree  of  accuracy  can  be  expected  in 
meafurements  of  this  fort. 

Derham  obferved,  that  the  report  of  a cannon 
fared  at  the  diffance  of  13  miles  Irom  him,  did  not 
ffrike  his  ear  with  a fingle  found,  but  that  it  was 
repeated  five  or  fix  times  clofe  to  each  other. 
<«  The  two  firft  cracks,”  he  fays , <c  were  louder 
“ than  the  third,  but  the  laft  cracks  were  louder 

<f  than  any  of  the  reft. And  betides,  in 

<c  fome  of  my  ftations,  befides  the  multiplied 
,c  found,  I plainly  heard  a faint  echo,  which  was 
refledted  by  my  church,  and  the  houfes  adja- 
« cent.” 

This  repetition  of  the  found  probably  originated 
from  the  reflection  of  a fingle  found  from  hills, 
houfes,  or  other  objects,  not  much  diftant  from 
the  cannon.  But  it  appears  from  general  obferva- 
tion,  and  where  no  echo  can  be  fufpedted,  that 
the  found  of  a cannon,  at  the  diftance  of  10  or  20 
miles,  is  different  from  the  found  when  near.  In 


* According  to  Mr.  Hales,  the  undulation  of  water  is  to 
the  motion  of  found  as  1 to  865. 
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the  latter  cafe  the  crack  is  loud  and  inftantaneous, 
of  which  wc  cannot  appreciate  the  height.  Whereas 
in  the  former  cafe,  viz.  at  a diftance,  it  is  a grave 
found,  which  may  be  compared  to  a determinate 
mufical  found  ; and,  inftead  of  being  inltantaneous, 
it  begins  foftly,  fwells  to  its  greateft  loudnefs,  and 
then  dies  away  growling. — Nearly  the  fame  thing 
may  be  obferveci  with  refpect  to  a clap  of  thunder. 
Other  founds  are  likewife  altered  in  quality  by  the 
diftance. 

Upon  the  whole,  it  appears  that  the  velocity  of 
found  is  exactly  the  fame,  whether  the  found  be 
high  or  low,  ftrong  or  feeble,  whether  it  be  the 
found  of  a human  voice,  or  the  report  of  a cannon. 
But  its  velocity  is  fenfibly  altered  by  winds.  If 
the  wind  confpires  with  the  found,  viz.  if  it  blows 
in  the  direction  from  the  founding  body  to  the 
hearer,  the  found  will  be  heard  fooner ; and  if  the 
wind  blows  the  contrary  way,  the  found  will  be 
heard  later,  than  according  to  the  rate  of  1142  feet 
per  fecond.  In  fhort,  the  velocity  of  the  wind,  in 
the  former  cafe,  mull  be  added  to,  and  in  the  latter 
it  mult  be  fubtradted  from,  that  of  the  found*.  But 

the 


* The  knowledge  of  this  fa£t  will  enable  us  to  meafure, 
pretty  nearly,  the  velocity  of  the  wind  in  certain  cafes;  for 
if  a cannon  be  fired  at  a known  dillance  from  us,  the  report 
rriuft  reach  us  fooner  when  the  wind  blows  from  that  place 
to  us,  and  later  when  it  blows  the  contrary  way,  than  it  will 
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the  velocity  of  the  air  in  the  ftrongeft  wind  is, 
perhaps,  not  equal  to  the  twentieth  part  of  the 
velocity  of  found. 

Heat  and  cold  feem  to  make  a very  fmall  al- 
teration in  the  velocity  of  found;  for  found  ap- 
pears to  travel  a little  fafter  in  fummer  then  in 

winter. 

Different  altitudes  of  the  barometer,  as  alfo 
different  quantities  of  moifture  in  the  air,  feem  to 
occafion  a fmall  alteration  in  the  velocity  of  found. 
But  it  is  not  in  our  power  to  determine  what  fhare 
of  the  effect  is  due  to  each  of  thofe  caufes. 

Upon  the  whole  it  appears,  that  whatever  in- 
creafes  the  elafticity  of  the  air,  accelerates  the  motion, 
as  alfo  the  intenfity  of  found,  through  it,  and  vice 
verfa . Or  in  fluids  of  a determinate  elafticity, 
whatever  increafes  the  denfity,  diminifhes  the  ve- 
locity of  found  through  them.  Probably  the  velo- 
cities of  found  through  fuch  fluids,  are  as  the 
lquare  roots  of  the  denfities.  — Experience  feems  to 
prove,  that  at  different  times  of  the  year  (the  influ- 
ence of  winds  being  excluded)  the  velocity  of  found 
may  be  fafter  or  flower,  not  exceeding  30  feet,  than 
at  the  above-mentioned  mean  rate  of  1 142  feet  per 
fecond. 


in  calm  weather  therefore,  knowing  in  what  time  it  ou^ht 
, ♦ . 0 
to  reach  us  in  calm  weather,  the  difference  between  that 

time  and  the  time  obferved  in  the  above-mentioned  cales  of 

windy  weather,  is  the  time  which  the  wind  employs  in  puffing 

through  that  di (lance, 

w 
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The  knowledge  of  the  velocity  of  found  through 
the  air,  may  be  applied  to  a very  ufeful  purpofe, 
viz.  to  the  meafurement  of  diftances,  efpecially 
when  no  better  method  can  be  ufed  with  conveni- 
ency.  Thus  we  may  meafure  the  diftance  of  a 
thunder  cloud  by  meafuring  the  time  which  elapfes 
between  the  appearance  of  the  flafh  of  lightning, 
and  the  report  of  the  explofion  or  thunder ; for  if 
by  looking  upon  a clock  or  a v/atch  with  a fecond’s 
hand,  we  find  that  the  time  elapfed  is  one  fecond, 
we  may  conclude  that  the  explofion  took  place  at 
the  diftance  of  1142  feet  from  us;  if  the  elapfed 
time  be  two,  or  three,  or  any  other  number  of 
feconds,  we  may  conclude  that  the  diftance  is  the 
product  of  1 142  multiplied  by  two,  or  by  three,  or 
by  the  other  number  of  feconds.  After  the  fame 
manner  by  obferving  the  fiafh  and  the  report  of  a 
gun,  or  the  motion  of  the  hand  which  moves  an  ham- 
mer, and  the  perception  of  the  found,  &:c.  we  may 
determine,  prettv  nearly,  the  diftance  of  a ihip,  or 
of  an  ifland,  or  of  a workman,  &c. 

Air  is  always  around  us,  and  therefore  is  the 
moll  common  medium  through  which  founds  are 
tranfmitted  : but  founds  may  alfo  be  conveyed  by 
other  bodies,  both  folid  and  fluid,  viz.  by  water,  by 
metals,  by  wood,  by  ftones,  by  ropes,  &c.  and  in 
moft  cafes  more  readily  and  perfectly  than  by  the 
air.  Probably  there  is  no  fubftance  which  is  not  in 
fome  meafure  a conductor  of  found  ; but  found  is 
much  enfeebled  by  pafting  from  one  medium  to 
another. 


If 
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If  a man  flops  one  of  his  ears  with  his  finger, 
(lops  the  other  ear  by  prefTing  it  againfl  the  end  of 
a long  flick,  and  a watch  be  applied  to  the  oppofite 
lend  of  the  flick,  or  of  a piece  of  timber,  be  it  ever 
Ifo  long,  the  man  will  hear  the  beating  of  the  watch 
very  diftindly  j whereas  in  the  ufual  way  through 
1 the  air,  he  can  hardly  hear  it  from  a greater  diilance 
than  about  15  feet. 

The  fame  effect  will  take  place  if  he  flops  both 
his  ears  with  his  hands,  and  reds  his  teeth,  his 
temple,  or  the  cartilaginous  part  of  one  of  his  ears 
againd  the  end  of  the  dick. — In  dead  of  a dick  he 
may  ufe  a rod  of  iron  or  other  metal,  a block  or 
pillar  of  marble,  &c. 

Indead  of  applying  the  watch,  a very  gentle 
fcratch  may  be  made  at  one  end  of  a pole,  or  rod, 
and  the  perfon  who  keeps  the  ear  in  clofe  contadt 
with  the  other  end  of  the  pole,  after  the  above-men 
tioned  manner,  will  hear  it  with  great  accuracy. 

Thus  perfons  who  are  not  quick  of  hearing,  by 
applying  their  teeth  to  fome  part  of  an  harpfi- 
chord,  or  other  founding  body,  will,  by  that  means, 
be  enabled  to  hear  the  found  much  better  than 
otherwife. 

If  a man  dopshis  ears  with  his  hands,  then  paffes 
the  loop  of  a firing  (which  has  a piece  of  metal,  as 
a fpoon,  &c.  tied  to  its  extremity)  over  his  head 
and  hands,  and  by  dooping  himfelf  a little,  keeps 
the  end  of  the  dring,  with  the  fpoon  or  piece  of 
metal,  pendant  before  him  on  finking  the  fpoon 

againfl 
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againft  any  thing,  he  will  hear  a found  not  much 
different  from  that  of  a' large  beil. — Such  experi- 
ments are  capable  of  great  variety  *. 

I has  been  faid,  that  the  report  of  cannons  fired 
at  Toulon  may  be  heard  at  Monoco,  viz.  at  the 
difiance  of  about  76  miles,  by  a perfon  lying  on 
the  ground  ; but  not  otherwife.  But  the  practice 
of  placing  one’s  ear  ciofe  to  the  ground,  in  order 
to  perceive  the  approach  of  horfes  or  men ; or,  in 
fhort,  for  the  purpofe  of  hearing  diffant  founds, 
has  been  obferved  even  amongft  uncivilized  na- 
tions. 

Articulate  founds  mayalfo  be  tranfmitted  through 
folids  ; but  I mult  own,  they  are  not  perceiv- 
ed very  diftinftly  by  my  ear.  However,  Dr. 
Chladni,  who  has  made  a vaft  number  of  experi- 
ments relative  to  this  fubjedt,  exprefies  himfelf  in 
the  following  manner  : 

“ Articulated  tones  alfo  are  conduced  ex- 
<c  ceedingly  well  through  hard  bodies,  as  I found 
tc  by  experiments  which  I made  with  fome  of 
*f  my  friends.  Two  perfons  who  had  flopped 
t(  their  ears,  could  converle  with  each  other  when 

they  held  a long  flick,  or  a feries  of  flicks,  be- 
tc  tween  their  teeth,  or  refled  their  teeth  againft 
,r  them.  It  is  all  the  fame  whether  the  perfon 
“ who  fpeaks  refls  the  flick  againft  his  throat  or 


* See  the  Mem.  of  the  Ac.  of  Turin,  for  1790  and  1791* 

“ his 
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(t  his  breaft,  or  when  one  refts  the  flick  which  he 
st  holds  in  his  teeth  againft  fome  vefiel  into  which 
fc  the  other  (peaks.  The  effeft  will  be  greater 
<c  the  more  the  veffel  is  capable  of  a tremulous 
<c  movement.  It  appeared  to  be  ftrongeft  with 
t£  glafs  and  porcelain  veffels ; with  copper  kettles, 
M wooden  boxes,  and  earthen  pots,  it  was  weaker. 
“ Sticks  of  glafs,  and  next  fir-wood,  conduced  th« 
H found  bed.  The  found  could  alfo  be  heard 
“ when  a thread  was  held  between  the  teeth  by 
t{  both,  lb  as  to  be  fomewhat  ftretched.  Through 
<£  each  fubftance,  the  found  was  modified  in  a 
“ manner  a little  different.  By  refling  a flick  or 
fC  other  body  againft  the  temples,  the  forehead,  and 
(e  the  external  cartilaginous  part  of  the  ear,  found 
((  is  conveyed  to  the  interior  organs  of  hearing,  as 
tc  will  readily  appear  if  you  hold  your  watch  to 
*c  thofe  parts  of  another  perfon  who  has  flopped  up 
i(  his  ears.  From  this  it  appears,  as  well  as  from 
ft  the  experiments  relative  to  the  hearing  under 
fe  water,  that  hearing  is  nothing  elfe  than,  by 
“ means  of  the  organs  of  hearing,  to  be  fenfible 
“ of  the  tremulous  movement  of  an  elaftic  body, 
‘f  whether  this  tremulous  movement  be  conveyed 
“ through  the  air,  or  any  other  fluid  or  hard  body, 
“ to  the  auricular  nerves.  It  is  alfo  eflentially  the 
K fame  whether,  as  is  ufually  the  cafe,  thp  found 
“ be  conveyed  through  the  internal  part  of  the 
“ ear,  or  whether  it  be  communipated  through 
fC  any  other  parp  of  thp  bpdy.  It  certainly  would 
vox,.  11.  js  .ft  be 
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“ be  worth  the  trouble  to  make  experiments  to 
“ try  whether  it  might  not  be  poflible  that  deaf  and 
“ dumb  people,  when  the  deficiency  lies  only  in 
“ the  external  organs  of  the  ear,  the  auricular 
<{  nerve  being  perfect,  could  not,  by  the  above 
“ method  of  conducting  found,  be  made  to  hear, 
“ diftinCUy,  words  articulated,  as  well  as  other 
“ founds*.” 

The  velocity  with  which  found  moves  through 
folids,  is  by  no  means  known,  nor  does  it  feem 
likely  to  be  determined  experimentally ; for  fuch 
experiments  can  only  be  performed  with  feveral 
hundred  feet  length  of  each  particular  fubftance. 
The  only  thing  which  has  been  tried  relative  to 
this  fubjeCt,  is  to  tranfmit  a found  through  a feries 
of  pieces  of  wood  placed  in  clofe  contaCt  the  firft 
with  the  fecond,  the  fecond  with  the  third,  and  lb 
on.  It  was  found  that  found  is  tranfmitted  through 
wood  falter  than  through  air  ; but  it  could  not  be 
determined  how  much  fafter  f. 

Whether 


* This  has  been  taken  from  the  Phil.  Mag.  for  Julv 
1799,  which  contains  the  tranflation  of  fome  pafiages  ex- 
tracted from  Dr.  Chladni’s  original  work  on  the  longitudinal 
vibrations  of  firings,  &c. 

i By  reafoning  and  calculation  it  has  been  deduced,  that 
a column  of  air  in  a pipe  of  a certain  length,  open  at  both 
ends,  makes  one  longitudinal  vibration  in  the  fame  time 
that  found  would  employ  to  pcrcur  the  fame  length  6f 
9 air; 
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Whether  found  be  tranfmitted  at  all  through 
vacuum,  or  not,  is  by  no  means  determined.  A 
b'  ' inch  fed  in  a glafs  receiver,  and  caufed  to  found, 
can  be  heard  lefs  and  Ids,  according  as  the  glals  is 
m re  and  more  exhaufted  of  air  ; but  though  I 
have  u 'ed  one  of  the  heft  air-pumps  that  was  ever 
conftruft,:  , and  the  apparatus  which  lupported  the 
be il  was  laid  upon  fuch  foft  fubftances  as  feemecl 
lead  1 kelv  to  rranlm.t  the  found  through  them  ; yet 
I could  never  render  the  found  of  the  bell  quite  un- 
audible.  Befides,  it  may  be  fufpedted,  that  when 
the  glafs  receiver  is  exhaufted  of  air,  the  preffure  of 
the  atmolphere,  on  its  outfide  only,  may  check  in 
great  meafure  the  tranfmiffion  of  the  found.  If  it 
be  afked  what  can  tranfmit  the  found,  or  the  vibra- 
tions of  the  bell,  when  the  air  between  it  and  the 
glafs  has  been  removed,  fuppofing  that  it  might  be 
entirely  removed?  We  mud  undoubtedly  aifert 
our  ignorance  of  it.  But  our  ignorance  of  what  may 
tranfmit  the  found  in  that  cafe,  does  not  prove  that 


air;  [Riccati  delle fbre  elaftiche.  Newton’s  Princ.  L.  2. 
Prop.  50.}  hence  it  maybe  prefumed,  by  analogy,  that  found 
is  tranfmitted  by  folids  of  a certain  length  in  the  fame  time 
in  which  thofe  folids  would  perform  each  of  their  longitudi- 
nal vibrations.  Now  it  has  been  found  that  a rod  of  iron 
of  a certain  length,  will  perform  its  longitudinal  vibrations 
much  falter  than  an  equal  pillar  of  air;  therefore  it  is 
likely  that  found  will  move  through  iron  much  falter 
than  through  air,  and  the  fame  thing  may  be  faid  of  other 
folids. 

7 2 ih<? 
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the  found  could  not  be  heard  if  the  air  were  entirely 
removed. 

Sounds  diminifh  in  intenfity,  or  they  are  lefs  au- 
dible, according  as  the  hearers  are  farther  from  the 
founding  body  j but  there  is  no  accurate  method  of 
determining  this  decreafe  *. 

The  fame  found  is  ftronger  in  denfe  than  in 
thinner  air.  The  aftual  fall  of  rain,  fnow,  &c.  or 
a good  deal  of  moifture  in  the  air,  diminifh  the  in- 
tenfity of  found.  In  calm,  ferene  weather,  when 
every  thing  is  quiet,  a found  is  heard  much 
ftronger,  and  of  courfe  much  farther  than  other- 
wife.  When  a fmooth  furface  of  ground,  and 
efpecially  of  water,  is  interpofed  between  the 
founding  body  and  the  hearer,  then  founds  may 
be  heard  much  farther  than  when  water  much  agi- 
tated, or  ground  covered  with  houfes,  trees,  &c.  is 
interpofed. 

In  favourable  circumftances  the  ftriking  of  the 
clock  on  the  bell  of  St.  Paul’s  church,  in  London, 
has  been  heard  at  Windfor.  It  has  been  faid  that 
with  a particular  concurrence  of  favourable  cir- 
cumftances, the  human  voice  has  been  heard  at  the 
diftance  of  more  than  ten  miles,  viz.  from  Old 
Gibraltar  to  New  Gibraltar f.  The  difeharge  of 
an  ordinary  mufket  can  hardly  ever  be  heard  farther 

* See  the  Phil.  Tranf.  for  1800,  p.  120. 

t Derham’s  Phyfico-Theology,  B.  IV.  chap.  3.  See 
alfo  the  Phil.  Tranf.  N.  300,  for  more  facts  of  this  nature. 

than 
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than  feven  or  eight  miles  ; but  the  difcharge  of 
feveral  fuch  mufkets  at  the  fame  time  may  be  heard 
from  a greater  diftance.  The  quick  repetition  of 
the  fame  found  may  alfo  be  heard  fomewhat  farther 
than  the  lame  fingly.  In  the  Dutch  war  of  the 
year  167  2,  it  ha-s  been  fiid,  that  the  reports  of  can- 
nons were  heard  at  the  diftance  of  200  miles,  and 
upwards. 

It  is  commonly  faid,  that  the  vibrations,  which 
are  communicated  to  the  air  by  a founding  body, 
expand  fphericrllv  all  round  thac  body  ; and  in  fad: 
its  found  may  be  heard  on  any  fide  of  it ; yet  cer- 
tain it  is,  that  the  found  will  not  be  heard  with 
equal  force  and  diftindion  in  every  diredion ; and 
this  difference  is  much  greater  with  certain  found- 
ing bodies,  (viz.  when  a ftrong  impulfe  is  given 
to  the  air  in  a particular  diredion)  than  with 
others.  The  report  of  a cannon  appears  louder 
to  a perfon  towards  whom  it  is  fired,  than  to  one 
fituated  in  a contrary  diredion*.  The  fpeaking 
trumpet  throws  the  found  diredly  before  its  aper- 
ture, and  very  little  of  it  can  be  heard  by  perfons 
who  are  out  of  that  diredion In  windy  weather 

the 


* Phil.  Tranf.  for  1800,  p.  ij8. 

t Upon  this  principle  fevsral  curious  contrivances  may 
he  made}  and  the  fpeaking  of  tne  inanimate  figure,  fuf- 
pended  in  the  air,  which  was  exhibited  in  London  fome 

z 3 years 
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the  found  of  a diftant  bell  is  perceived  to  increafe 
or  decreafe  in  loudnefs,  according  as  the  wind  alters 


years  ago,  depends  upon  the  fame  principle.  The  mecha- 
nifm  was  as  follows : A wooden  figure  was  fufpended  in  the 
air  by  means  of  ribbands,  in  an  opening  between  two  rooms. 
There  was  a perforation  about  an  inch  and  a half  in  diame- 
ter, from  the  mouth  to  the  upper  part  of  the  head.  This 
aperture  had  an  enlarged  termination  on  the  top  of  the  head, 
and  with  the  other  extremity  communicated  with  a fort  of 
fpeaking-trumpet,  which  was  fattened  to  the  mouth  of  the 
figure.  Behind  the  partition  the  enlarged  or  funnel-like 
opening  of  a tube  was  tttuated  directly  oppofite  to,  and  at 
about  two  feet  diftance  of,  the  aperture  on  the  head  of  the 
figure.  The  tube  behind  the  partition  was  bent  in  a con- 
venient form,  and  a concealed  performer  applied  either  his 
mouth  or  his  ear  to  the  other  end  of  the  tube.  Now,  if  a 
perfon  applied  his  mouth  to  the  opening  of  the  trumpet,  and 
fpoke  into  it,  the  found  patted  from  the  opening  on  the  head 
of  the  figure  through  the  air,  to  the  opening  of  the  tube 
which  flood  facing  it  behind  the  partition  of  the  rooms,  and 
the  perfon,  who  applied  his  ear  to  the  farther  opening  of  the 
tube,  would  hear  it  diftin&ly  ; but  other  perfons  in  the  room 
heard  very  little,  if  at  all,  of  the  faid  articulated  found  ; and 
the  fame  thing  took  place,  when  the  concealed  perfon  fpoke 
with  his  mouth  dole  to  the  farthett  end  of  the  tube,  and 
another  perfon  placed  his  ear  clofc  to  the  opening  of  the 
trumpet ; which  fhews  that  the  found  patted  almoft  entiiely 
in  a ftraight  direction,  from  the  opening  on  the  head,  to 
the  oppofite  aperture  of  the  tube,  and  vice  verfa.  This 
made  it  appear  as  if  the  wooden  figure  itfelf  comprehended 
words,  and  returned  an  adequate  anfwer. 

its 
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its  ftrength  or  its  dire&ion.  An  obftruftion  to  the 
direction  of  founds,  is  evidently  made  by  hills, 
houles,  large  trees,  and  other  bodies  of  a certain 
extent  ; for  the  found  of  a diftant  bell,  of  a mill,  of 
the  waves  of  the  fea  on  the  ihore,  &c.  may  be 
heard  much  better  when  nothing  foiid  is  interpoled 
between  the  hearer  and  the  lounding  body,  than 
otherwife.  This  may  be  eafily  obferved  by  a per- 
fon  walking  through  a town,  when  a noifc  proceeds 
from  anv  of  the  above-mentioned  caufes ; for  he 
will  hear  the  noife  much  better  when  he  comes  to 
the  opening  of  a ftreet  which  leads  to  the  lounding 
place,  than  when  the  houles  intervene ; lo  that  the 
found  which  comes  out  of  an  aperture,  does  not 
expand  fpherically  round  that  aperture,  as  round  a 
centre  ■,  and  this  is  analogous  to  what  has  been 
faid  with  refpedt  to  the  direflion  of  a ftream  of 
water,  which  comes  out  of  an  aperture  (fee  p.  178.) 
but  it  mull  be  confelfed,  that  we  are  lefs  able  to 
comprehend  the  real  motion  of  the  air,  than 
that  of  the  waves  on  the  furface  of  water,  or  that 
of  a ftream. 

Sounds  are  alfo  reflected  by  hard  bodies,  and  this 
refle&ion  produces  the  well-known  phenomenon, 
called  the  echo  ; and  others  analogous  to  it. 

If  a perfon  Handing  at  a certain  diftance  before  a 
high  wall,  a bank,  a rock,  &c.  utters  a word  or 
makes  a noife,  either  with  his  voice  or  with  an 
hammer,  &c.  he  will  frequently  hear  a repetition 
of  the  word  or  other  noife  j and  the  time  which 

z 4 elapfes 
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elapfes  between  the  exprefiion  of  the  found  and  the 
‘ hearing  of  the  farrie  again,  is  the  fame  as  found  in 
general  would  employ  in  going  twice  through  the 
diftance  between  the  man  and  the  wall,  or  the 
rock,  &c.  for  the  vibrations  of  the  air  muft  go 
from  the  man  to  the  wall,  and  back  again  j fo  that 
if  the  wall  be  U4I  feet  diftant,  the  time  elapfed 
between  the  expreffion  of  the  found,  and  the  fecond 
arrival  of  it  to  the  ear,  will  be  two  feeonds ; and 
fo  forth. 

But  the  fame  original  found,  and  the  repetition 
tof  it,  which  is  called  the  echot  may  be  heard  by 
other  perfons  fituated  at  different  diffances  both  from 
the  original  founding  place,  and  from  the  refledting 
wall,  or  other  object.  The  effedt,  however,  will 
not  be  exadtly  alike  ; for  inflance,  thofe  who  are 
nearer  to  the  wall,  will  hear  the  echo  fooner  than 
other  perfons  ; thofe  who  are  as  far  again  from  the 
man  who  exprefles  the  found  as  they  are  from  the 
refledting  obftacle,  when  the  refledting  objedt  is  at 
&n  equal  diftance  from  both,  will  hear  both  the 
original  found  and  the  echo  at  the  fame  time  j in 
'which  cafe  they  will  perceive,  as  it  were,  one 
found  louder  than  they  would  without  the  repe- 
tition. 

But  though  feveral  perfons  in  different  fituations 
will  hear  the  echo  or  repetition  of  the  lame  found ; 
yet  in  a particular  diredtion,  the  echo  may  be  heard 
much  better  than  in  other  diredtions.  Now,  if  two 
ftraight  lines  be  drawn  from  the  centre  or  middle  of 

the 
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the  reflecting  furface,  one  to  the  place  whence  the 
original  found  proceeds,  and  another  in  the  above- 
mentioned  belt  direction  ; thole  lines  will  be  found 
to  make  equal  angles  with,  or  to  be  equally  in- 
clined to,  that  furface.  Hence  it  is  faid,  that  found 
is  reflected  by  certain  bodies , and  that  the  angle  of  re- 
fieSUon  is  equal  to  the  angle  of  incidence. 

This  (hews,  that  though  found  proceeds  from  an 
original  founding  body,  or  from  a reflecting  fur i ace, 
in  every  direction  j yet  a greater  .quantity  of  it  pro- 
ceeds in  fome  particular  direction  than  in  any  other; 
and  this  is  probably  owing  to  the  original  impuife 
being  given  to  the  air  in  one  direction  more  forcibly 
than  in  others,  as  alfo  to  the  want  of  perfect  freedom 
of  motion  in  the  aerial  fluid. 

The  furface  of  various  bodies,  folids  as  well  as 
fluids,  have  been  found  capable  of  reflecting  founds, 
viz,  the  (ides  of  hills,  houfes,  rocks,  banks  of  earth, 
the  large  trunks  of  trees,  the  furface  of  water,  efpe- 
cially  at  the  bottom  of  a well,  and  fometimes  even 
the  clouds.  It  is  therefore  evident,  that  in  an  ex- 
tenfive  plain,  or  at  fea,  where  there  is  no  elevated 
body  capable  of  reflecting  founds,  no  echo  can  be 
heard. 

The  configuration  of  the  furface  of  thofe  bodies 
feems  to  be  much  more  concerned  in  the  produc- 
tion of  the  echo,  than  the  fubflance  itfelf.  A 
fmooth  furface  reflects  founds  much  better  than  a 
rough  one.  A convex  furface  is  a very  bad  re- 
flector of  found;  a flat  furface  reflects  it  very  well; 

but 
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but  a frmll  degree  of  concavity,  and  efpecially 
when  the  founding  body  is  in  the  centre,  or  focus, 
of  the  concavity,  renders  that  furface  a much  better 
reflector. 

Thus  in  an  elliptical  chamber,  if  the  founding 
body  be  placed  in  a focus  of  the  ellipfis,  that  found 
will  be  heard  much  louder  by  a perfon  fituated  in 
the  other  focus,  than  in  any  other  part  of  the 
chamber.  In  this  cafe  the  effed:  is  fo  powerful, 
that  even  when  the  middle  part  of  the  chamber  is 
wanting,  viz.  when  the  two  oppofite  elliptical  fhells 
only  exift,  the  found  exprefled  in  one  focus  will  be 
heard  by  a perfon  fituated  in  the  other  focus,  but 
hardly  at  all  by  other  perfons*. 

This  in  fome  meafure  explains  the  effe£t  of  what 
are  called  whiff  ering  domes , and  whijpering  galleries ; 
wherein,  if  a perfon  fpeaks  pretty  near  the  wall  on 
one  fide  of  it,  another  perfon  will  hear  him  diftinft- 
ly  when  he  places  his  ear  pretty  near  the  wall  on 
the  oppofite  fide.  The  dome  in  St.  Paul’s  ca- 
thedral, in  London,  has  this  curious  property. 


* If  from  any  point  in  the  circumference  of  an  ellipfis, 
two  lines  be  drawn  to  the  foci,  thofe  lines  make  equal  angles 
with  the  curve  at  that  point,  'finis  is  demonftrated  by  all 
tlie  writers  on  conics.  Therefore,  the  found  which  is  pro- 
duced in  one  focus  of  an  elliptical  chamber,  and  is  reflected 
from  the  wall  to  the  other  focus,  makes  all  the  angles  of  inci- 
dence equal  .0  the  angles  of  reflection  refpedtivcly.  Hence, 
that  focus  is  the  place  where  the  found  is  heard  heft. 


which 
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which  is  generally  fhewn  to  all  enquiring  vifi- 
tors. 

Several  phenomena  may  be  explained  fo  eafily 
upon  he  above-mentioned  theory  of  the  reflection 
of  found,  that  they  need  be  merely  mentioned  to 
the  intelligent  reader. 

Several  refle&ing  furfaces  frequent! v are  fo  pro- 
perly fituated  with  rei'peCt  to  diltance,  and  direc- 
tion. that  a found  proceeding  from  a certain  point, 
is  rerieCted  by  one  furface  firth,  then  by  another 
which  is  a little  farther  off,  after  which  it  is  reflected 
by  a third  furface,  and  fo  on ; or  it  is  reflected  fi  rn 
one  furface  to  a fecond,  from  the  fecond  to  a third, 
from  the  third  to  a fourth,  &c.  Hence,  echos, 
which  repeat  the  fame  found,  or  the  fame  word,  two 
or  three,  or  feveral  times  over,  are  frequently  met 
with. 

According  to  the  greater  or  lefs  diftance  from 
the  fpeaker,  a reflecting  object  will  return  the  echo 
of  feveral,  or  of  fewer  fyllables  ; for  all  the  lyliables 
mud  be  uttered  before  the  echo  of  tne  fir  if  fyliable 
reaches  the  ar,  otherv  ft  it  will  make  a confufion. 
In  a moderate  way  of  (peaking,  about  i \ fyllables 
are  pronounced  in  one  fecond,  or  feven  fyllables  in 
two  feconds*.  Therefore,  when  an  ech w repeats 


* From  the  computation  of  fhurt-hand  writers  it  appears 
that  a ready  and  rapid  orator  in  the  Englifh  language,  pro- 
nounces from  7000  to  7500  w<nds  in  a hou  , viz  about 
120  words  in  a minute  or  two  woiua  m each  ucond. 
Memoirs  of  Gibbon’s  Life. 


feven 


34$  Of  Sound,  or  of  Acoufiis. 

feven  fyllabies,  the  reflecting  objeCt  is  1142  feet 
dilt.nt ; for  found  travels  at  the  rate  of  1142  feet 
per  lecond,  and  the  diftance  from  the  fpeaker  to 
the  reflecting  objeCt,  and  again  from  the  latter  to 
the  former,  is  twice  1142  feet.  When  the  echo 
returns  14  fyllabies,  the  reflecting  objeCt  rauft  be 
22  2 feet  diftant,  and  fo  on.  A famous  echo  is 
fiid  to  be  in  Woodftock  Park,  near  Oxford.  It 
repeals  17  fyllabies  in  the  day,  and  20  at  night*. 
Ar  other  remarkable  echo  is  faid  to  be  on  the  north 
fiae  ot  Shipley  church,  in  Suflex.  It  repeats 
difl  inCtly,  in  favourable  circumftances,  21  fylla* 
bics  -j-. 

Therefore  the  farther  the  reflecting  furface  is, 
the  greater  number  of  fyllabies  the  echo  will  re- 
peat; but  the  found  will  be  enfeebled  nearly  in  the 
fame  proportion,  and  at  laft  the  fyllabies  cannot  be 
heard  diftinCtly. 

W hen  the  reflecting  objeCt  is  too  near,  the  repe- 
tition of  the  found  arrives  at  the  ear,  whilft  the 
perception  of  the  original  found  ftill  continues,  in 
which  cafe  an  indiftinCt  refounding  is  heard.  This 
effeCt  may  be  frequently  obferved  in  empty  rooms, 
paflages,  &c.  efpecially  becaufe  in  fuch  places  fe- 
veral  reflections  from  the  walls  to  the  hearer,  as 
alf  > from  one  wall  to  the  other,  and  then  to  the 


* Dr.  Plot’s  Nat.  Hi  ft.  of  Oxfordfhire. 
4 Harris's  Lex.  Tech.  Article  Echo. 
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hearer,  clafli  with  each  other,  and  increafe  the  in- 
diftindtion. 

If  each  of  the  vibrations  of  the  air,  which  are  oc- 
cafioned  by  a certain  found,  be  performed  in  the 
fame  time  that  found  employs  in  going  from  the 
founding  body  to  the  walls  of  a room,  and  thence 
to  the  hearer,  then  the  found  will  be  heard  with 
greater  force.  In  fhort,  by  alteiing  our  fituation 
in  a room  and  exprefling  a found,  or  hearing  the 
found  of  another  perfon,  in  different  fituations,  or 
when  different  objects  are  alternately  placed  in  the 
room,  that  found  may  be  heard  louder  or  weaker, 
and  more  or  lefs  diftindt.  Hence  it  is,  that  blind 
perfons,  who  are  under  the  neceflity  of  paying  great 
attention  to  the  perceptions  of  their  fenfe  of  hearing, 
acquire  the  habit  of  diftinguifhing,  from  the  found 
even  of  their  own  voices,  whether  a room  is 
empty  or  furnilhed,  whether  the  windows  are  open 
or  fhut,  and  fometimes  they  can  even  diftinguifh 
whether  any  perfon  be  in  the  room  or  not*. 

A great 


* The  famous  Dr.  N.  Saunderfon,  ProfefTor  of  the  Ma- 
thematics in  the  univcrfity  of  Cambridge,  who  had  been 
blind  fince  he  was  one  year  old,  poffefTed  fuch  acutenefs  of 
hearing,  that,  as  is  related  in  the  account  of  his  life,  “ By 
“ his  quicknefs  in  this  fenfe,  he  not  only  diftinguifhed  per- 
u Tons,  with  whom  he  had  ever  once  converfed,  lb  long  as 
“ to  fix  in  his  memory  the  found  of  their  voice,  but  infome 
“ meafure  places  alfo.  He  could  judge  of  the  fize  of  a room 
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A great  deal  of  furniture  in  a room,  efpecially  of 
a foft  kind,  fuch  as  curtains,  carpets,  &c.  check  in 
great  meafure  the  founds  that  are  produced  in  it ; 
for  they  hinder  the  free  communication  of  the  vibra- 
tions of  the  air,  from  one  part  of  the  room  to  the 
other. 

The  fitted  rooms  for  declamation,  or  for  mufic, 
are  fuch  as  contain  few  ornaments  that  obdruCt  the 
found,  and  at  the  fiime  time  have  the  lead  echo 
pofilble ; for  when  they  have  one  or  more  echos, 
which  arife  from  cupolas,  alcoves,  vaulted  ceilings, 
&c.  the  repetition  of  one  or  more  founds  comes  to 
the  ear  at  the  fame  time  that  another  direCt  found 
reaches  it,  which  not  only  fpoils  the  former,  but  nine 
times  out  of  ten  forms  a difcord. 

A pretty  drong  and  continued  found  fatigues  the 
ear.  The  drokes  of  heavy  hammers,  of  artillery, 
&c.  are  apt  to  render  people  deaf,  at  lead  for  a 
certain  time.  And  it  has  been  obferved,  that  fome 
perfons  who  have  been  long  expofed  to  the  conti- 
nued and  confufed  noife  of  certain  manufactories, 
or  of  water-falls,  or  of  other  noify  places,  can  hear 


tc  into  which  he  was  introduced,  of  th„e  diftance  he  was 
“ from  the  wall  : and  if  ever  he  had  walked  over  a pave- 
lC  ment  in  courts,  piazzas.  Sic.  which  reflected  a found,  and 
“ was  afterwards  conduced  thither  again,  he  could  exactly 
“ tell  whereabouts  in  the  walk  he  was' placed,  merely  by  the 
*(•  note  it  founded,” 

what 
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what  is  fpoken  to  them,  much  better  in  the  midlt  of 

that  noife  than  elfewhere. 

The  attentive  reader  may  naturally  enquire  in 
what  manner  are  founds  communicated  to  our  fen- 
forium,  and  in  what  manner  does  the  ear  receive 
and  tranfmit  them  to  the  auditory  nerve  ; but  to 
thole  queftions  I am  unable  to  give  any  fatisfadtory 
anfwer.  A particular  defcription  of  the  internal,  as 
well  as  external,  parts  of  the  ear,  may  be  found  in  a 
variety  of  anatomical  books ; but  the  knewledge  of 
the  conftrudtion  does  not  inform  us  of  the  real  ufe 
of  thofe  parts.  The  form  of  the  external  part  of 
the  ear  is  evidently  intended  for  receiving  in  great 
quantity,  and  for  concentrating  the  vibrations  of  the 
air. 

Some  very  remarkable  obfervations  lately  made, 
relative  to  the  organ  of  hearing,  fhew,  in  a very 
pointed  manner,  that  the  various  fundtions  of  that 
organ  are  far  from  being  rightly  underftood*.  A 
proper  inveftigation  of  the  fubjedt  is  highly  re- 
commendable  to  every  able  philofopher. — It  might 
doubtlefs  improve  the  general  fubjedt  of  acouftics, 
and  in  particular  it  might  furnifh  means  of  remedy- 
ing, or  of  fupplying,  the  defedts  incident  to  the  hu- 
man ear. 

The  only  known  mechanical  method  of  improv- 
ing that  organ,  when  it  is  in  a certain  manner  de- 
fedtive,  is  by  the  ufe  of  the  hearing  trumpet. 


* See  Mr.  Aftlcy  Cooper’s  Paper,  in  the  Phil.  Tranf. 
for  i Boo,  page  151. 
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This  trumpet  is  an  hollow  conical  tube,  from 
about  8 to  1 6 inches  in  length.  It  is  often  bent  not 
much  unlike  the  letter  C,  excepting  that  in  general 
the  fmall  end  is  bent  much  lefs  than  the  other.  The 
fmall  end  (whofe  aperture  is  not  above  a quarter  of 
an  inch  in  diameter)  is  applied  to  the  ear,  whilft  the 
large  aperture  (which  is  from  about  ci  to  4 inches 
in  diameter)  is  diredted  towards  a fpeaker,  or  to- 
wards the  founding  body.  By  this  means  the  found 
is  heard  confiderably  louder,  but  lefs  didindt. 

Hearing-trumpets  have  been  made  of  various 
fhapes,  though  the  above  feems  upon  the  whole  to 
be  the  bed ; but  no  theorv  can  at  prefe..  rmine 
their  mod  advantageous  condrudtion. 

Their  office  is  to  increafe,  not  the  frequency,  but 
the  momentum  of  the  aerial  vibrations ; and  this  may 
probably  arife  fromthofe  vibrations  palling  gradually 
from  the  larger  to  the  narrower  part  of  the  indru- 
ment.  Perhaps  the  vibrations  of  the  air  refledted 
from  different  points  of  the  indrument,  like  different 
echos,  reach  the  ear  not  all  precifely  at  the  fame 
time  j hence  the  found  is  rendered  louder,  but  lefs 
didindt.  I lhall  not  however  proceed  to  explain 
what  I myfelf  do  not  clearly  underdand. 
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CHAPTER  XII. 

OF  MUSICAL  SOUNDS. 

ASuccefiion  of  founds  has  been  called  ^ 
lody. 

.The  compound  effedt  which  arifes  from  two 
founds,  expreffed  at  the  fame  time,  is  called  Con- 
finance,  or  Dijonance , according  as  it  produces  a 

pleafing  or  unpleafing  effedt. 

An  Accord  is  the  effedt  which  arifes  from,  or  a 
combination  of,  more  than  two  founds  exprefied  at 
the  fame  time. 

A fucceffion  of  accords  is  called  Harmony. 

The  art  which  examines,  difpofes,  and  expreiTes 
founds,  fo  as  to  produce  melody,  or  harmony, 
pleafing  upon  the  whole,  is  called  Mufic , or  the 
Mufical  Art.  And  the  founds,  which  are  fo  far 
fimple,  determinate,  and  pleafing,  as  to  be  ufed  in 
mufic,  are  called  Mufical  Sounds. 

It  has  been  laid,  at  the  beginning  of  the  pre- 
ceding chapter,  that  the  variety  of  founds  arifes  from 
three  caufcs  principally,  viz.  ift,  from  the  greater 
or  lefs  frequency  of  the  vibrations  ; adly,  from  the 
quantity,  force  or  momentum  of  the  vibrating 
parts ; and  3dly,  from  the  greater  or  lefs  fimplicity 
of  each  found. 

y 0Lr  ii.  a a A cle^p 
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\ A clear  idea  of  thofe  differences  may  be  conceiv- 
ed by  comparing  the  found  of  a pretty  large  bell, 
with  that  of  a firing  of  a bafe  viol.  Thofe  two 
fonorous  bodies  may  be  adj ufled  fo,  that  each  of 
them  may  perform  the  fame  number  of  vibrations 
in  the  fame  time.  In  that  cafe  the  founds  of  thofe 
inftruments  are  faid  to  be  of  the  fame  pitch  j for 
the  pitch  of  a certain  found,  or  of  the  inftrument 
which  exprcffes  that  certain  found,  is  faid  to  be 
equal  to,  lower,  or  higher  than  the  pitch  of  another 
found,  or  other  fonorous  bodv  that  emits  that 

» j 

found,  when  the  firft  fonorous  body  performs  an 
equal,  a fmaller,  or  a greater  number  of  vibra- 
tions than  the  other  fonorous  body  in  the  fame 
time. 

But  though  thofe  inftruments  exprefs  the  fame 
found  with  refpeft  to  the  pitch  ; yet  the  found  of 
the  bell  is  much  louder  than  that  of  the  bafe  viol  j 
and,  in  fa£t,  the  former  may  be  heard  from  a much 
greater  diftance  than  the  latter.  This  fhews  the 
fecond  diftinclion  *. 


* The  greater  or  lefs  ftrength  of  a found  of  the  fame 
pitch  is  called  by  muficians,  the  forte  and  piano  of  that 
found.  The  well  known  inftrument,  called  the  forte  piano, 
derives  its  name  from  its  being  capable  of  exprefting  the 
fame  tones  more  or  lefs  loud  ; whereas  the  harpfichord, 
which  is  like  the  forte  piano  in  every  other  refpeft,  exprelfes 
its  tones  always  of  the  fame  ftrength. 
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The  third  arifes  from  the  inequality,  harfhnefs, 
&c.  of  the  found  of  the  bell  in  companion  with 
that  of  the  bafe  viol ; for  a perfon,  who  is  fuffici- 
ently  near,  and  liftens  with  attention,  will  perceive 
that  the  found  of  the  bell  is  attended  with  a fort  of 
undulation,  both  in  pitch  and  ftrength  ; and  is,  be- 
fides,  accompanied  with  one  or  more  fecondary 
founds;  whereas  the  found  of  the  bafe  viol  is  much 
more  fimple  and  uniform. 

There  is  no  method  of  meafuring  the  quantity  of 
the  above-mentioned  fecond  and  third  diftinCtions ; 
excepting  by  the  judgment  of  the  ear,  which  is  va- 
rious and  partial.  One  perfon,  for  inftance,  pre- 
fers the  found  of  a powerful  organ  to  that  of  a 
violin  ; another  prefers  the  latter  to  the  former. 
One  likes  the  found  of  a French  horn  above  that 
of  all  other  inftruments,  and  another  prefers  a 
flute. 

In  general  it  is  not  from  a proper  diferimination, 
but  from  the  various  acutenefs  of  the  ear,  from 
prejudice,  from  fafhion,  from  want  of  difcernment, 
or  from  miftaken  ideas,  that  molt  people  exprefs 
their  likings  and  diflikings.  Various  and  difeordant 
are  the  opinions  of  men  relatively  to  thofe  things 
jvhich  have  no  fixed  ftandard  of  perfection  or  de- 
monftration ; yet  it  may  be  prefumed,  efpecially 
with  refpeCt  to  mufical  founds,  that  whatever 
pleafes  the  majority,  and  whatever  can  be  endured 
for  a longer  time  without  difgult,  is  the  bell  and 
the  moft  eligible.  And  there  are  fome  per  Ions 
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who,  from  knowledge,  pra&ice,  fenfibility,  and  a 
proper  ufe  of  their  reafoning  faculty,  have  enabled 
themfelves  to  difcriminate  at  once  between  what 
is,  and  what  is  not,  more  likely  to  pleafe  the 
majority,  or  to  be  endured  longer  without  dif- 
guft. 

After  a long  and  diverfified  experience,  through 
a confiderabie  feries  of  years,  it  has  been  found, 
that  certain  founds,  expreffed  in  certain  fucceffions, 
and  in  certain  combinations,  are  pleafing  to  moft 
human  ears.  They  are  of  the  fimpleft  and  moft 
uniform  kind,  neither  too  loud,  nor  too  feeble ; but 
differing  from  each  other  in  pitch,  by  certain  fixed 
and  determinate  intervals. — They  are  called  mufical 
founds , or  tones. 

Befides  the  human  voice,  feveral  inftruments, 
which  have  been  invented  at  various  times,  and  are 
now  in  ufe,  are  capable  of  expreffing  thofe  mufical 
founds  i hence  they  are  called  mufical  inftruments , 
and  the  beft  of  them  are  fuch  as  are  capable  of  ex- 
preffing the  greateft  variety  of  fuch  founds,  efpe- 
cially  with  refpefl  to  the  pitch,  and  of  the  fimpleft, 
as  well  as  of  the  moft  pleafing  fort. 

Upon  fome  of  thofe  inftruments,  fuch  as  the 
harpfichord,  forte  piano,  the  organ,  the  guitar,  &c. 
the  pitch  of  each  tone  is  fixt  and  immutable.  In 
others,  fuch  as  the  human  voice,  French  horn, 
violin,  violoncello,  &c.  the  pitch  proper  for  each 
tone,  muft  be  determined  by  the  performer.  The 
accompliffment  of  this  talk  is  very  difficult ; and 

from 
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from  this  are  the  mufical  performers  laid  to  have 

a good  or  a bud  intonation. 

What  has  been  faid  above  may  fuffice  with  re- 
fpeft  to  the  lefs  definite  qualities  of  founds  ; viz. 
ftrength  and  fimplicity.  It  is  now  neceffary  to 
treat  of  the  more  difficult,  but  more  determinate, 
quality,  called  the  pitch,  which  has  already  been 
faid  to  depend  upon  the  frequency  of  the  vibra- 
tions. 

The  human  voice,  in  its  ordinary  way  of  (peak- 
ing, generally  changes  its  pitch  by  imperceptible 
intervals,  or  rather  by  Aiding  a little  way  up  or 
down.  But  there  are  different  and  confiderable  in- 
tervals between  the  mufical  tones.  Thofe  mufical 
tones  were  perhaps  in  great  meafure  found  out  ex- 
perimentally ; but  they  have  afterwards  been  re- 
duced to,  and  may  be  expreffed  by  means  of,  ac- 
curate mathematical  meafurements. — The  order,  or 
the  arrangement,  of  thofe  founds  is  called  the  Jcale 
of  mufic. 

A voice  or  an  inftrument,  which  expreffes  thole 
founds  in  a particular  order  under  certain  reftric- 
tions,  produces  mufic ; otherwife  the  effed  is  not 
pleafing,  nor  is  it  called  mufic.  The  natural 
Tinging  of  birds  may  exhibit  a fine  voice  in  certain 
cafes  ; but  it  is  not  mufical,  their  founds  having 
nothing  to  do  with  the  mufical  intervals ; and,  in 
fa6V,  the  arrangement  of  their  various  founds  is  by 
no  means  pleafing. 

The  number  of  vibrations  which  may  be  per- 
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formed  by  a ftretched  firing,  when  ifs  tenfion, 
length,  and  weight  are  known,  may  be  afcertained 
with  tolerable  accuracy. 

The  number  of  vibrations  of  moft  other  found- 
ing bodies,  cannot  be  afcertained  otherwife  than  by 
comparing  their  founds  with  thofe  of  firinged  in- 
ftruments ; for  the  human  ear  can  judge  with  con- 
fiderable  accuracy  when  the  two  inftruments  are  in 
unifon,  or  perform  contemporaneous  vibrations,  in 
which  cafe  they  are  faid  to  be  of  the  fame  pitch  ; 
and  indeed  fome  expert  muficians  can  determine  by 
the  judgment  of  their  ear,  not  only  when  two  founds 
are  of  the  fame  pitch,  but  alfo  when  they  are  at  a 
certain  difiance  of  each  other.  Therefore,  in  our 
inveftigation  and  exprefiions  of  mufical  founds,  it 
will  be  fufficient  to  fpeak  of  ftretched  firings  or 
chords  only ; as  the  founds  of  ail  the  other  inftru- 
ments may  be  referred  to  thofe  of  firings. 

The  following  particulars  relative  to  ftretched 
firings  have  been  demonftrated  mathematically,  and 
the  demonftration  will  be  found  in  the  following 
note,  for  the  ufe  of  thofe  readers  who  are  fufficiently 
ikilled  in  mathematics. 

1.  If  a ftretched  cylindrical  chord  be  ftruck,  and 
then  be  left  to  vibrate  by  itfelf,  it  will  perform  its 
vibrations,  whether  large  or  narrow,  in  equal  times, 
and,  of  courfe,  the  found,  though  decaying  gradu- 
ally, yet  continues  in  the  fame  pitch  ; excepting, 
however,  when  the  firing  is  ftruck  violently  ■,  for 
in  that  cafe  its  found  is  a little  higher  at  firft, 
o viz* 
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viz.  its  vibrations  are  a little  more  frequent  at 
firfl. 

2.  If  various  firings  be  equally  flretched,  and 
be  of  the  fame  fubftance  ; or,  in  fhort,  if  they  be 
equal  in  every  refpedt,  excepting  in  their  lengths  ; 
then  the  duration  of  a fingle  vibration  of  each  firing 
will  be  as  the  length  of  the  firing  ; or  (which  is  the 
fame  thing)  the  number  of  vibrations  performed  by 
each  firing  in  a given  time,  will  be  inverfely  as  the 
length  ; for  inflance,  if  a firing  be  four  feet  long, 
and  another  firing,  cateris  ; paribus , be  one  foot 
long;  then  the  latter  will  vibrate  four  times  whilft 
the  former  vibrates  once.  Or  if  the  length  of  the 
former  be  to  that  of  the  latter,  as  10  to  3 ; then 
the  vibrations  performed  by  the  latter  will  be  to 
thofe  that  are  performed  by  the  former,  as  3 to  10  ; 
and  fo  on.  Alfo,  the  fame  thing  muff  be  under- 
flood of  the  parts  of  the  fame  firing;  for  inflance, 
if  a certain  firing  perform  B vibrations  in  a fe- 
cond ; then,  if  that  firing  be  flopped  in  the  middle, 
and  one  half  of  it  only  be  caufed  to  found,  then 
that  half  will  perform  16  vibrations  in  a fecond. — 
One  third  part  of  the  fame  firing  will  perform  24 
vibrations  in  a fecond;  and  fo  on. 

The  length  of  the  tiring  is  reckoned  from  one 
bridge  to  the  other,  or  from  one  refling  place  to 
the  other;  thus,  in  fig.  19.  Plate  XIII.  the 
length  of  the  firing  is  reckoned  from  R to  S. 
The  fcnfion  of  the  firing  is  meafured  by  the 
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weight  w,  which  is  fufpended  to  one  end  of  it. 

If  inftead  of  firetching  a firing  by  fufpending  a 
weight  to  it,  as  indicated  by  the  above-mentioned 
figure,  the  firing  be  twilled  round  a peg,  after 
the  manner  commonly  ufed  in  mufical  inflru- 
mejits,  then  the  tenfion  hill  mufl  be  expreffed 
by  a weight  ; meaning  a weight  which  may  be 
capable  of  firetching  the  firing  as  much  as  it  is 
ftretched  by  turning  the  peg. 

j.  If  various  chords  differ  in  tenfion  only ; then 
the  number  of  vibrations  which  each  of  them 
performs  in  a given  time,  is  as  the  fquare  root  of 
the  firetching  weight.  Thus,  if  a chord  be  flretch- 
ed  by  a weight  of  16  pounds,  and  another  chord 
be  ftretched  by  a weight  of  9 pounds ; then  the 
former  will  perform  4 vibrations  in  the  fame  time 
that  the  latter  performs  3 vibrations. 

4.  If  cylindrical  chords  differ  in  thicknefs  only; 
then  the  number  of  vibrations  which  they  perform 
will  be  inverfely  as  the  diameters,  viz.  if  the  diame- 
ter of  a chord  be  equal  to  twice  the  diameter  of 
another  chord  ; then  the  former  will  perform  one 
vibration  in  the  lame  time  that  the  latter  performs 
two  vibrations. 

5.  By  a proper  adjuflment  of  the  lengths,  thick- 
hefies,  and  firetching  weights,  diffimilar  chords 
may  be  caufed  to  perform  any  required  number  of 
vibrations ; which  is  evidently  derived  from  the 
preceding  paragraphs-. 
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6 The  aftual  number  of  vibrations*  which  aie 
performed  by  a given  fetched  chord,  may  be  de- 
termined, without  any  great  error,  by  ufing  the  fol- 
lowing rule  > provided  the  length  and  weight  of  the 
vibrating  part  of  the  chord,  as  RS,  fig.  1 9»  ar'^ 
likewife  the  ftretching  weight  w,  be  known.— 
Rule.  Multiply  the  ft  retching  weigl  it  by  3 9, 1 2 inches 
(which  is  nearly  the  length  of  the  pendulum  that 
vibrates  feconds).  Alfo  multiply  the  weight  of  the 
chord  by  its  length  in  inches  j divide  the  firft  pro- 
duft  by  the  fecond  ; extract  the  fquare  root  of  the 
quotient;  multiply  this  fquare  root  by  3,14'^. 
and  this  laft  product  is  the  number  or  vibrations 
that  are  performed  in  one  fecond  of  time  by  the 
-oiven  chord. —The  refiftance  of  the  air,. as  alfo 

fc> 

fome  other  flu&uating  caufes  of  obftruction,  not  oe- 
ing  noticed  in  this  rule ; it  is  moft  probable  that  the 
real  vibrations  are  not  quite  fo  numerous  as  they  are 
given  by  the  rule. 

An  example  cf  the  above  mentioned  ride. — A copper 
wire  of  35,55  inches  in  length,  weighing  31 
grains  troy,  was  ftretched  by  a weight  of  feven 
pounds  avoirdupois,  which  is  nearly  equal  to 
49000  grains.  How  many  vibrations  did  it  per- 
form in  each  fecond? — The  product  of  49000 
multiplied  by  39,12  is  1916880.  The  product 
of  35,55  by  31,  is  1102,05.  If  1916880 
be  divided  by  1102,05,  the  quotient  will  be 
1739,37,  the  fquare  root  of  which  is  41,7  ; 

and 
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and  this  fquare  root  being  multiplied  by  3,1416, 
gives  13 1 for  the  required  number  of  vibra- 
tions. (1.) 


It 


( I.)  It  is  evident  from  what  has  been  faid  above,  that  by 
diminifhing  the  tenlion  and  increaling  the  length  of  the 
chord,  the  number  of  vibrations  may  be  diminifhed  to  fuch 
a degree  as  to  render  the  iingle  vibrations  difcernible  from 
each  other;  hence  it  feems,  that  the  vibrations  of  a chord 
that  expreffes  a certain  tone,  might  be  counted;  but  in 
practice  the  performance  of  fuch  experiments  is  attended 
with  very  great,  and  hitherto  unfurmounted,  difficulties. 
Several  perfons  have  tried  the  experiment ; but  no  decifive 
refults  have  ever  been  derived  therefrom. 

I have  attempted  fuch  experiments,  both  with  metallic  and 
with  catgut  firings  of  various  lizesand  lengths,  as  far  as  17 
feet ; and  with  various  degrees  of  tenfion,  or  with  various 
firetching  weights.  I have  ufed  thofe  firings  in  the  manner 
cf  pendulums,  with  a weight  fattened  to  the  lower  extre- 
mity;— I have  alfo  placed  them  horizontally,  after  the 
above-mentioned  manner  of  fig.  19.  Plate  XIII  ; but  the 
efLft  was,  that  when  the  vibrations  were  fewer  than  ten  or 
twelve  in  a fecond,  which  is  the  greateft  number  I can  pof- 
fibly  count  with  tolerable  certainty;  then  the  found  of  the 
chord  was  fo  very  indiftindl,  equivocal,  and  encumbered 
with  other  founds,  that  I could  not  be  certain  of  its  pitch. 
If  by  increafing  the  weight,  or  by  fhortning  the  chord,  the 
tone  was  rendered  fufficiently  dittincl;  then  the  vibrations 
•were  thereby  quickened  beyond  the  poflibility  of  counting 
them. 

Neverihelefs,  I fhall  fubjoin  the  particulars  of  one  of 
thofe  experiments,  which  was  repeated  feveral  times,  both 
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It  is  now  necefiary  to  fpecify  thole  founds  which 
experience  has  fliewn  to  be  fit  for  mufical  compo- 
fition.  And  here  we  fhal!  only  fpeak  of  the  pitch, 
which  is  denoted  by  the  number  of  vibrations  that 

are 


by  myfelf,  and  in  the  prefence  of  a very  intelligent  friend; 
hence  it  may  be  prefumed  to  be  as  accurate  as  the  nature  of 
the  fubjedt  can  admit  of. 

A brafs  firing,  fuch  as  is  ufed  for  harpfichords,  was  im- 
pended like  a pendulum,  with  a weight  of  5 pounds, 
(viz.  40250  grains)  at  its  extremity. 

The  length  of  the  firing  was  100  inches.  Its  weight 
I go  grains;  when  ftruck  and  fet  a vibrating,  if  a piece  of 
paper  was  fet  on  one  fide  of  it,  the  firing  firuck  the  paper 
about  14  times  in  a fecond,  as  nearly  as  I could  poffibly 
reckon.  And  as  it  would  have  ftruck  a piece  of  paper  on 
the  other  fide  as  often  in  the  fame  time,  therefore  it  perform- 
ed 28  vibrations  in  a fecond. 

But,  by  calculation,  it  ought  to  have  performed  34,56 
vibrations  in  a fecond. 

When,  inftead  of  5 pounds  and  one  pound  only,  or 
7000  grains,  was  fufpended  to  it,  the  firing  performed  from 
10  to  12  vibrations  in  a fecond  ; and  in  fa£t  the  numbers  of 
vibrations  being  as  the  fquares  of  the  firetching  weights,  we 
have  40250)2  : 7000JI  : : 200,6  : 83,6  : : 28  : 1 1,6 ; which 
is  a pretty  good  agreement. 

By  calculation  it  ought  to  have  performed  14,3  vibrations 
in  a fecond. 

Therefore,  it  feems,  that  the  method  of  determining  the 
number  of  vibrations  that  are  performed  by  a firing  which 
founds  a certain  tone,  muft  be  derived  from  the  theoretical 
demonftration  ; but  the  refult  of  fuch  demonftration  muft 

deviate 
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are  performed  in  a given  time,  or  by  the  length  of 
the  firing  which  emits  each  of  thofe  founds  -y  for  it 
has  been  already  (hewn  that,  when  Wretched  firings 
are  alike  in  all  other  refpe&s,  excepting  in  their 

lengths. 


deviate  in  a certain  degree  from  the  truth,  principally  on  ac- 
count of  the  refiftance  of  the  air,  and  of  the  want  of  perfect 
pliability  in  the  chord,  &c. 

The  ratio  which  the  number  of  vibrations  bears  to  the 
weight,  tenfion,  length,  See.  of  the  chord,  has  been  demon- 
ftrated,  with  fome  variation  of  method,  by  feveral  able 
writers.  The  conclufion  is  always  the  lame.  I have, 
however,  preferred  Dr.  Taylor’s  original  demonftration, 
fuch  as  is  publifhed  in  the  Philofophical  Translations,  be- 
caufe  it  is  lefs  dependent  upon  other  extraneous  propo- 
rtions, and  of  courfe  it  may  be  efteemed  the  moft 
concife. 

It  may  be  objected,  that  this  demonftration  does  not  take 
in  all  the  fhapes  which  a firing,  according  to  the  various 
modes  of  finking  it,  aflumes  in  its  vibrations.  But  it  muft 
be  obferved,  that  as,  cesteris  paribus , the  fame  chord,  how- 
ever (truck,  provided  it  be  not  (truck  too  violently,  gives  a 
tone  conftantly  of  the  fame  pitch  ; its  vibrations  muft  be  as 
frequent  when  it  aflumes  the  fimpleft,  as  when  it  afTumes 
any  other,  form. 

Of  the  Motion  of  a Stretched  String,  by  Dr.  B.  Taylor. 

Phil.  Tranf  N.  337.  or  Jones's  Abridg . vol.  IT.  p.  391. 

“ Lemma  1.  Let  ADF  B,  AA'I’B,  fig.  1.  Plate  XIV, 
be  two  curves,  the  relation  of  which  is  fuch,  that  the 

ordinates 
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lengths,  then  the  duration  of  a fingle  vibration  of 
each  firing,  is  proportionate  to  the  length  of  the 
firing  ; or,  (which  amounts  to  the  fame  thing) 
that  the  number  of  vibrations  performed  by  each 

firing 


ordinates  C AD,  E <I>  F,  being  drawn,  it  may  be  C A : CD 
: : E $ : EF.  Then  the  ordinates  being  diminilhcd  ad 
infinitum , fo  that  the  curves  may  coincide  with  the  axis 
A B ; I fay,  that  the  ultimate  ratio  of  the  curvature  in  A, 
will  be  to  the  curvature  in  D,  as  C A to  C D.” 

“ Demonji.  Draw  the  ordinate  c J d very  near  to  CD, 
and  at  D and  A draw  the  tangents  D t and  AS,  meeting 
the  ordinate  c d in  / and  9.  T hen  becaufe  of  rJ  : cd : : 
CA  : CD,  (by  hypothefis)  the  tangents  being  produced 
will  meet  one  another,  and  the  axis  in  the  fame  point  P„ 
Whence,  becaufe  of  fimilar  triangles  C D P and  c t P, 
CAP  and  c 9 P,  it  will  ber0:c/::CA:CD  : : c S'  : 
cd  (by  hypoth.)  : : Jfl  : (r  9 — c S')  : dt  (r  t — c d)  But 
the  curvatures  in  A and  D,  are  as  the  angles  of  contadl 
0 A S'  and  t D d ; and  becaufe  S A and  d D coinciding 
with  c C,  thofe  angles  are  as  their  fubtenfes  £0,  d t ; that 
is,  by  the  proportion  above,  as  C A,  CD.  Therefore, 
Uc.  Q.  E.  D.” 

“ Lemma  2.  In  fome  infant  of  its  vibration,  let  a 
firing,  ftretched  between  the  points  A and  B,  fig.  2. 
Plate  XIV.  put  on  the  form  of  any  curve  A/>ttB;  I 
fay,  that  the  increment  of  the  velocity  of  any  point  r, 
or  the  acceleration  arifing  from  the  force  of  the  tenfion 
of  the  firing,  is  as  the  curvature  of  the  firing  in  the  fame 
point.” 

“ Demonji.  Conceive  the  firing  to  confifi  of  equal  rigid 
particles,  which  are  infinitely  little,  as  p o?  0 tt,  See.  and  at 

the 
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firing  in  a given  time,  is  inverfely  as  the  length  of 
the  firing. 

If  you  take  feverai  firings  precifely  of  the  fame 
fubflance,  the  fame  form,  and  the  fame  thicknefs, 

and 


the  point  0 erect  a perpendicular  0 R,  equal  to  the  radius 
of  the  curvature  at  0,  which  let  the  tangents  p t,  tt  /,  meet 
in  t , the  parallels  to  them  tt  st  p r,  in  r,  the  chord  p 71  in  c. 
Then  by  the  principles  of  mechanics,  the  abfolute  force  by 
which  the  two  particles  p 0 and  orr,  are  urged  towards  R, 
will  be  to  the  force  of  tenfion  of  the  firing,  as  st  to  tp ; 
and  half  this  force  by  which  one  particle  po  is  urged,  will 
be  to  the  tenfion  of  the  firing,  as  ct  co  tp-,  that  is,  (be- 
caufe  of  fimilar  triangles  c t p,  tp  R)  as  tp  or  op  to  Rt, 
or  0 R.  Wherefore,  becaufe  of  the  force  of  tenfion  being 

given,  the  abfoiute  accelerating  force  will  be  as 

But  the  acceleration  generated  is  in  a compound  ratio  of 
the  ratios  of  the  abfolute  force  diredlly,  and  of  the  matter 
to  be  moved  inverfely  ; and  the  matter  to  be  moved  is 
the  particle  itfelf  0 p.  Wherefore  the  acceleration  is  as 

. I—  • that  is,  as  the  curvature  in  0.  For  the  curvature 
0 R 

is  reciprocally  as  the  radius  of  curvature  in  that  point. 

Q.  E.  D.” 

« Prob.  I.  To  determine  the  motion  of  a flretched 
filing.” 

« In  this  and  the  following  problem,  I fuppofe  the  firing 
to  move  from  the  axis  of  motion  through  an  indefinitely 
little  ipace  ; that  the  increment  of  tenfion  from  the  increafe 
of  the  length,  alfo  1 tie  obliquity  of  the  radii  of  curvature, 
may  i’afely  bo  neglcclcd.” 


Therefore 
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and  ftretch  them  equally  by  fufpending  equal  weights 
to  their  extremities,  or  otherwile ; then  make  their 
lengths  of  the  proportions  that  are  dated  in  the 
following  table  ; thofe  firings,  when  ftruck,  will 

exprefs 


“ Therefore  let  the  tiring  be  flretched  between  the  points 
A and  B,  fig.  3.  Plate  XIV.  and  with  a bow  let  the  point  z 
be  drawn  to  the  diflance  C z,  from  the  axis  A B.  Then 
taking  away  the  bow,  bccaufe  of  the  flexure  in  the  point  C 
alone,  that  will  firfi  begin  to  move  (by  Lem.  2.)  But  no 
fooner  will  the  firing  be  bent  in  the  nearefl  points  <p  and  </, 
but  thefe  points  alfo  will  begin  to  move  ; and  then  E and  e ; 
and  fo  on.  Alfo  becaufe  of  the  great  flexure  in  C,  that 
point  will  firfi  move  very  fwiftly,  and  thence  the  curvature 
being  increafed  in  the  next  points  D,  E,  &c.  they  will  im- 
mediately be  accelerated  more  fwiftly  ; and  at  the  fame  time 
the  curvature  in  C being  diminifhed,  that  point  in  its  turn 
will  be  accelerated  more  flowly.  And  in  general,  thofe 
points  which  are  flower  than  they  fhould  be,  being  accele- 
rated more,  and  the  quicker  lefs,  it  will  be  brought  about 
at  lafl,  that  the  forces  being  duly  attempered  one  with  an- 
other, all  the  motions  will  confpire  together,  and  all  the 
points  will  at  the  fame  time  approach  to  the  axis,  going  and 
returning  alternately,  ad  infinitum.” 

u Now  that  this  may  be  done,  the  firing  mufl  always 
put  on  the  form  of  the  curve  ACDE  B,  the  curvature  of 
which,  in  any  point  E,  is  as  the  difiance  of  the  fame  E « from 
the  axis  ■,  the  velocities  of  the  points  C,  D,  E,  See.  being 
alfo  in  the  ratio  of  the  distances  from  the  axis  C z,  D 5, 
E n,  Sec.  For  in  this  cafe  the  fpaces  C *,  D Ef,  See. 
deferibed  in  the  fame  infinitely  little  time,  will  be  as  the 
velocities ; that  is,  as  the  fpaces  deferibed  C z,  D 9,  Sec. 

Wherefore 
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exprefs  the  proper  mufical  founds  or  tones,  and  the 
whole  let  is  called  the  [calc  of  muftc. 

The  fucceflive  exprefiion  of  thofe  mufical  founds 
in  any  order,  produces  mufical  melody , which  may  be 

good 


Wherefore  the  remaining  fpaces  n z,  S' 9,  e a,  See.  will  be 
to  each  other  in  the  fame  ratio.  Alfo  (by  Lem.  2.)  the 
accelerations  will  be  to  one  another  in  the  fame  ratio.  By 
which  means  the  ratio  of  the  velocities  always  continuing 
the  fame  with  the  ratio  of  the  fpaces  to  be  deferibed,  all 
the  points  will  arrive  at  the  axis  at  the  fame  time,  and 
always  depart  from  it  at  the  fame  time.  And  therefore  the 
curve  ACDEB  will  be  rightly  determined.  Q.  E.  D.” 

“ Moreover  the  two  curves  ACDEB  and  AkSeB, 
being  compared  together,  by  Lemma  1.  the  curvatures  in 
D and  S will  be  as  the  diftances  from  the  axis  D 9 and  S9; 
and  therefore,  by  Lemma  2.  the  acceleration  of  any  given 
point  in  the  firing  will  be  as  its  diflance  from  the  axis. 
Whence,  (by  Sedt.  10.  Prop.  51.  of  Newton’s  Principia) 
all  the  vibrations,  both  great  and  fmall,  will  be  performed 
in  the  fame  periodical  time,  and  the  motion  of  any  point 
will  be  fimilar  to  the  ofcil'ation  of  a body  vibrating  in  a 
Cycloid.  Q.E.I.” 

“ Cor.  Curvatures  are  reciprocally  as  the  radii  of  circles 
of  the  fame  degree  of  curvature.  Therefore  let  a be  a 
given  line,  and  the  radius  of  curvature  in  E will  be  equal  to 

“a  „ 

E v 

“ Prob.  2.  The  length  and  weight  of  a firing  being 

o o 00 

given,  together  with  the  weight  that  flretches  the  firing, 
tp  find  the  time  of  a fingle  vibration.” 


<<  Let' 
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good  or  bad.  The  contemporaneous  exprcfTion  of 
two  of  them  is  called  a ccnfonance  or  dijfonance , ac- 
cording as  it  produces  a pleafant  or  unpleafant 
effedt.  A fingle  firing  may  be  made  fucceflively 

fit  or  ter 


“ Let  the  firing  be  ftretched  between  the  points  A and 
B,  fig.  4.  Plate  XIV.  by  the  force  of  the  weight  P,  and 
let  the  weight  of  the  firing  itfelf  be  N,  and  its  length  L. 
Alio  let  the  firing  be  put  in  the  pofition  AFpCB,  and  at 
the  middle  point  C,  let  C S,  a perpendicular  be  railed,  equal 
to  the  radius  of  the  curvature  in  C,  and  meeting  the  axis 
A B in  D;  and  taking  a point  p near  to  C,  draw  the  per- 
pendicular pc  and  the  tangent  p t.” 

“ I herefore  it  appears,  as  in  Lemma  2,  that  the  abfolutc 
force  by  which  the  particle  p C is  accelerated,  is  to  the 
force  of  the  weight  P,  as  c t to  p t ; that  is,  as  p C to 
C S.  But  the  weight  P is  to  the  weight  of  the  particle  p C, 
in  a ratio  compounded  of  the  ratios  of  P to  N,  and  of  N to 
the  weight  of  the  particle  p C,  or  of  L to  p C ; that  is,  as 
B X L to  N x p C.  Therefore,  compounding  thefe 
ratios,  the  accelerating  force  is  to  the  force  of  gravity,  as 
P X L to  N x C S.  Let  therefore  a pendulum  be  con- 
ftrudted,  whole  length  is  C D ; then  (by  Seifi.  X.  Prop.  52, 
of  Newton’s  Principia)  the  periodical  time  of  the  firing  will 
be  to  the  periodical  time  of  that  pendulum,  as  BN  X C S 
to  VpxL.  But  by  the  fame  propofition,  the  force  of 
gravity  being  given,  the  longitudes  of  the  pendula  are 
in  a duplicate  ratio  of  the  periodical  times.  Whence 
NxCSxCD 


a a 

° CD 


, or  writing  7^  for  C S,  (by  Cor. 


P x L 

Prob.  1.)  — — will  be  the  length  of  a pendulum,  the 

i X Li 


vol.  I j. 


B B 


vibrations 
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fhorter  and  fhorter,  according  to  the  proportions  of 
the  table;  and  thus  a fingle  firing  may  exprefs  all 
the  various  mufical  founds;  but  in  this  cafe,  two 
founds  cannot  be  cxprefied  at  the  fame  time. 

In 


vibrations  of  which  are  ifochronous  to  the  vibrations  of  the 
firing.” 

<c  To  find  the  line  w,  let  the  abfcifs  of  the  curve  be  AE 
rr  z,  and  the  ordinate  E F ~ and  the  curve  itfelf 
AF  =i>,  and  CD  = b.  Then  (by  Cor.  Prob.  i.)  the 

radius  of  curvature  in  F will  be  — — Butoi  being  given, 


the  radius  of  curvature  is 


Whence 


a a v x 

z x z * 

and  therefore  a a z — -v  x x ; and  taking  the  fluents  a a k — 
•v  xz  <v  bl 

2 


-f-  ,baz.  Flere  the  given  quantity  — 


•i)  bz 


+ 


2 2 
i az  is  added,  that  it  may  be  x — v in  the  middle  point  C. 
And  hence  the  calculus  being  compleated,  it  will  be  i z 

* b'~  -:-+  * X ‘ * — — — ■ Now  let  b and 

V a%  bz  — az  x*  — l x*  — | b*  + l b%  x* 

x vanifh  in  refpecf  to  ff,  that  the  curve  may  coincide  with  the 

d y . 

axis,  and  it  will  be  z — - . Now,  with  the 

Vbb  — xx 

centre  C,  and  radius  D C — A fig.  5-  Plate  XIV.  a 
quadrant  of  a circle  D P E being  deicribed,  and  making 
CQ .=  *,  and  erecting  the  perpendicular  Q_P  ; then  the 

bx 

arch  D P being  m y,  it  will  be  j -^====  — 


x x 


b . 


a 


« Whence 
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In  Tome  inftruments,  as  the  forte-piano,  harpfi- 
chord,  See.  each  firing  exprefles  a particular  tone. 
In  other  inftruments,  fuch  as  tire  violin,  violon- 
cello, Sec.  each  firing  is  caufed  to  exprefs  fevcral 
tones  fucce lively,  by  flopping  part  of  it  with  the 

fingers 


“ Whence  y — — z,  and  z = — y . And  making 

'v  — b er  C D,  in  which  cafe  it  is  alfo  y — quadrantal  arch 
^ P E,  and  z ~ A D ar  { L ; it  will  be  £ L — a X 

Let  it  be  therefore  CD 


DE  CD 

i ' 1 d Cl  L X r | . . 

D 2 D t 

: 2 DE  : : diameter  of  a circle  : circumference  : : d : c; 

dd 


and  it  will  be  a a — L L X 


c ( 


Therefore  this  value 


being  fubflituted  for  a a ; — x L x will  be  the  length 

r c c 

ct  a pendulum,  which  will  be  ifochronous  to  the  firing. 
1 here forte  let  D be  the  length,  whofe  periodical  time  is  1, 
, d /~n  L, 

and  — y — x -jj->  will  be  the  periodical  time  of  the 
firing.  CL  E.  I.” 

“ E°r  the  periodical  times  of  pendulums  are  as  the  fquare 
roots  of  their  lengths.” 

Cor.  1.  T he  number  of  vibrations  of  the  firing  in 

the  time  of  one  vibration  of  the  pendulum  D,  is  — 

d 


4 


r D 
N-x  17 


Cor.  2.  Becauftf  SL 


* "sl -j — Is  given,  the  periodical 


b b 2 


time 
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fingers,  and  permitting  a certain  portion  only  to 
vibrate. 

‘the  Scale  of  Mufical  Sounds , or  of  the  proportional 
Lengths  of  the  Strings , which  emit  thofe  Soundsy 
together  with  their  Literal  and  Numerical  Names , 
as  alfo  the  Names  of  the  Intervals  between  them  ; 


where 

T funds  for 

Major  Tone ; 

t for  Minor 

Tone 

■7  and  H for  Hemi-Tone. 

i 

C 

Fir  ft 

T 

8 

9 

D 

Second 

t 

_4_ 

5 

E 

Third 

H 

J_ 

4 
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Fourth 

T 

a 

3 

G 

Fifth 

t 

3 

5 

A 

Sixth 

T 

8 

7T 

B 

Seventh 

H 

i 

a 

c 

Odtave 

T 

8 

d 

Ninth 

t 


time  of  the  firing  is  as  \ H x L.  And  the  weight  P be- 
° P ° 

ing  given,  the  time  is  v'N  x L.  And  the  firings  being 

made  of  the  fame  thread,  in  which  cafe  it  is  N as  L,  the 

time  will  be  as  L.” 
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4 

e 

Tenth 

10 

H 

3 

S 

f 

Eleventh 

T 

2 

~6 

Or 

fc> 

T welfth 

t 

_3 

a 

Thirteenth 

J w 

T 

8 

3° 

b 

Fourteenth 

FI 

1 

C 

Sixteenth, 

or  Double 

4 


Octave,  &c.  &c. 

This  table  might  be  continued  to  any  length, 
and  the  law  of  continuation  will  appear  from  the 
following  paragraphs,  which  will  be  found  to  con- 
tain the  neceflary  explanations. 

The  fraftions  denote  the  relation  of  each  ftring 
or  tone  to  the  firit,  or  to  the  key,  note.  The 
length  of  the  firft  ftring  may  be  a foot,  or  a yard, 
cr  in  fhcrt  of  any  other  dimenhon ; but  then  the 
other  firings  muft  be  made  in  due  proportion  to 
that  length,  which  is  called  one  or  unity.  For  in- 
ftance,  if  the  firft  ftring  be  a yard  long  (viz.  36 
inches)  then  the  next  ftring  muft  be  32  inches  in 
length  j for  32  is  equal  to  £ths  of  36.  This 
fraction  likewife  thews,  that  the  fecond  ftring  per- 
forms nine  vibrations,  whilft  the  firft  performs 
eight  vibrations.  Alio  the  length  of  the  fourth 
ftring  is  marked  {-,  meaning  that  it  muft  be  three- 
fourths  of  the  firft  ■,  and  it  thews,  that  this  ftring 

per- 
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performs  four  vibrations  whilft  the  firft  performs 
only  three  ; and  fo  of  the  reft. 

The  letters  which  are  annexed  to  the  fractions  in 
the  fecond  column  of  the  table,  are  the  names  by 
which  muficians  diftinguifh  the  various  tones;  and 
the  numerical  names  of  the  third  column,  fhew 
the  diftance  of  each  tone  from  the  firft,  which  is 
otherwife  called  the  key-note , or  principal  tone. 

Thus  the  fifth  firing  is  called  G ; it  is  a fifth  above 

* 

the  firft,  and  its  length  is  equal  to  two  thirds  of  the 
firft;  and  fo  forth. 

It  lnuft  be  remarked,  that  feven  names,  or  letters, 
are  given  to  all  the  tones;  viz.  C,D, E, F, G, A and 
B to  the  firft  feven;  then  the  fame  names  or  letters 
are  repeated  in  the  fame  order  for  the  next  feven,  and 
might  again  be  repeated  for  a third  fet,  a fourth 
fet,  &c. 

By  a clofer  inflection,  it  may  be  perceived,  that 
the  fractions,  which  exprefs  the  lengths  of  the 
ftring-s,  are  quite  different  from  each  other  for  the 
firft  feven  notes  only ; but  after  that  they  come 
again  in  the  fame  order ; excepting  only  that  for 
the  next  feven  tones  the  fractions  are  the  halves  of 
the  former  refpectively  ; for  inftance,  the  length  of 
the  fecond  C is  § ; viz.  the  half  of  the  firft  C ; the 
length  of  g is  ^ths ; viz.  the  half  of  G,  which  is 
-^d  ',  &c.  Farther,  the  third  fet  of  leven  firings 
are  the  halves  of  the  fecond  fet,  or  the  quarters  of 
die  firft;  ar.d  fo  on.  The  numerical  names  go  on 
4 increafing 
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increafing  progrefTively ; for  they  only  fhew  the 
diftance  of  each  tone  from  the  firft;  thus  c is  faid 
to  be  an  oflave  to  C ; g is  faid  to  be  a twelfth  to 
C,  &c. 

It  is  therefore  evident,  that  feven  are  the  prin- 
cipal tones  of  the  mufical  fcale.  The  next  feven 
are  faid  to  be  the  ottaves  of  the  firft  ; the  next 
feven  to  thofe  are  faid  to  be  the  double  cftaves  to 
the  firft  feven,  &c.  Therefore  with  refpeft  to  the 
peculiar  nature  of  each  tone,  we  need  only  examine 
one  odlave,  viz.  the  firft  fet  of  feven  tones,  together 
with  the  firft  tone  of  the  next  fet. 

The  fra&ions  of  the  table  exprefs  the  propor- 
tional lengths  of  the  firings  with  refpedl  to  the 
firft ; but  if  the  length  of  each  firing  be  compared 
with  the  firing  next  to  it,  then  it  will  appear  that 
the  intervals  are  not  equal  throughout  the  odlave  ; 
but  that  there  are  three  forts  of  interval.  Thus  C 
(always  meaning  the  firing  which  exprefies  C,  and 
the  fame  of  the  reft)  is  to  D as  9 to  8.  D is  to  E 
as  10  to  9 *.  E is  to  F as  16  to  15.  F is  to  G 
as  9 to  8.  G is  to  A,  as  10  to  9.  A is  to  B as 
9 to  8 ; and  laftly,  B is  to  the  C,  next  to  it,  as  16 


* In  order  to  make  the  above-mentioned  ccmparifon,  the 
fractions  muft  be  reduced  to  a common  denominator;  then 
the  ratio  of  their  numerators  muft  be  expreffed  in  the 
lowed  integral  terms ; thus  % and  £ reduced  to  a common 
denominator,  become  and  l*  ; then  40  is  to  36,  as  10 
is  to  9, 


B B 4 
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to  15.  The  intervals  farther  on  are  equal  to  the 
former,  and  come  in  the  fame  order. 

By  infpefting  the  preceding  paragraph,  it  will 
appear  that  thofe  intervals  are  of  three  forts,  viz. 
the  interval  of  9 to  8,  the  interval  of  10  to  9,  and 
the  interval  of  i 6 to  15.  The  firfl:  of  thofe  inter- 
vals has  been  called  a major  tone ; the  fecond  has 
been  called  a minor  tone  j and  the  lad  has  been  called 
an  b emit  one  * . 

The  intervals  which  form  an  odlave,  are  dil 
pofed  in  the  following  order,  viz.  major  tone 
minor  tone,  hemitone,  major  tone,  minor  tone, 
major  tone,  and  hemitone ; which  may  be  expreffed 
by  their  initials,  as  in  the  fourth  column  of  the 
table  in  p.  372,  viz.  T,  /,  H,  T,  t,  T,  H. 
Whence  it  appears,  that  a fifth,  or  the  interval 
between  C and  G,  contains  two  major  tones,  one 
minor  tone,  and  an  hemitone ; alfo  a fourth,  or  the 
interval  between  C and  F,  contains  a major  tone,  a 
minor  tone,  and  an  hemitone,  &c. 

If  it  be  afked  why  are  the  intervals  difpofed  in 
the  above-mentioned  order,  and  why  is  C confidered 
as  the  firft  or  fundamental  note  ? The  anfwer  is, 
that  repeated  experience  has  flrewn,  that  this  order 
produces  a pleafing  mufical  melody,  and  that  the  C 
is  called  the  fundamental,  or  key-note,  or  the  firfl 


* The  difference  between  a major  and  a minor  tone,  viz. 
between  5 and  -r9°-,  which  is  the  interval  of  81  to  80,  has 
been  called  a comma. 


of 
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of  that  order  of  intervals;  becaufe  the  melody 
generally  begins,  and  almoft  always  end  with  that 
note  ; befides,  the  rules  of  compofuion,  and  the 
arrangement  of  the  various  periods  of  the  melody, 
alway  , ha  ve  a reference  to  that  key-note. 

In  the  table  of  page  372,  there  is,  however, 
another  tone,  which  may  b taken  for  the  principal 
or  key  note,  and  that  is  A ; but  the  intervals  in 
the  edave,  from  A to  a,  are  in  the  following  or- 
der, viz.  T,  H,  T,  /,  H,  T,  t,  wh  ch  order  differs 
from  the  ether,  principally  in  its  having  the  interval 
of  the  third,  and  the  interval  of  the  fixth,  fmaller 
than  in  the  other  order  ; hence  this  order  is  called 
the  flat  mood , or  the  key  of  A with  a fiat  third ; 
whereas  the  other  is  called  the  fiarp  mood or  the 
key  of  C with  a fharp  third. 

Nature  feems  not  to  admit  of  any  other  order  of 
intervals  fit  for  mufic  ; therefore,  in  the  natural 
fcale,  as  expreffed  in  page  372,  no  other  note 
may  be  taken  for  the  principal  or  key  note;  fo 
that  no  piece  of  mufic  could  be  written  in  any  ether 
key  befides  C or  A.  But  the  ingenuity  of  rnufi- 
cians  has  contrived  to  multiply  the  key  notes,  or 
rather  to  render  every  tone  capable  of  being  confi- 
dcred  as  the  key  note  of  a iharp  as  well  as  of  a fl  it 
mood  ; and  this  objed  has  been  accompliflied  by 
the  interpofition  of  certain  intermediate  tones  be- 
tween thole  of  the  natural  fcale,  which  are  to  be 
ufed  occafionally,  and  which  have  no  particular 
name  or  letter ; but  derive  their  appellations  from 

the 
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the  neighbouring  principal  notes  ; thus  a certain 
found,  interpofed  between  C and  D,  is  called  either 
C {harp,  or  D flat : another  interpofed  between 
D and  E,  is  called  either  D fharp,  or  E flat ; and 
fo  of  the  reft.  It  mult  be  remarked,  however,  that 
between  E and  F,  as  aifo  between  B and  C,  no 
other  found  is  interpofed,  becaufe  the  intervals  be- 
tween thofc  notes  are  already  very  fmall,  there  be- 
ing only  an  hemitone  between  each  pair. 

The  nat  ure  and  the  ufe  of  tnofe  intermediate 
founds,  which  are  commonly  called  fiats  and  Jharps , 
will  appear  from  the  following  example  and  ex- 
planation. 

If,  iriflead  cf  C,  a perfbn  wifned  to  make  F the 
key  note;  then  the  proper  order  of  intervals  either 
for  a flat,  or  for  a fharp  mood,  mufl  take  its  com- 
mencement from  F. — Suppofe  it  be  required  to  be 
a fiiar p mood,  in  which  cafe  the  intervals  muft  be 
1',  t,  H,  T,  t,  T,  H.  Now,  by  obferving  the 
table  in  page  372,  it  will  be  found  that  there  is,  as 
it  ought  to  be,  a major  tone  between  F and  G,  a 
minor  tone  between  G and  A ; but  between  A and 
B there  is  a major  tone;  whereas  there  fhould  be 
'an  hemitone ; therefore  in  order  to  remedy  this 
defect,  another  firing  is  inrerpofed  between  A and 

B,  of  fuch  a length  as  may  exprefs  a proper  fourth 
to  F ; and  this  intermediate  found  is  called  B flat, 
or  A lharp : then  between  this  B flat,  and  the  next 

C,  there  is  a major  tone,  which  ia  right ; and 
io  are  likewife  the  following  intervals.  So  that 

when 
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when  F is  to  be  reckoned  the  key  note,  we  mull 
then  ufe  B flat  inftead  of  B natural. 

After  the  fame  manner  it  may  be  eaflly  (hewn 
that  when  any  of  the  other  notes  is  taken  for  the 
key  note,  there  needs  be  interpofed  flats  or  fharps 
between  l'ome  of  the  other  natural  or  primitive 
founds,  &c. 

In  fhort,  by  the  interpofition  of  one  found  be- 
tween any  two  contiguous  tones  of  the  natural 
oCtave,  except  between  E and  F,  as  alfo  between 
B and  C,  the  whole  octave  is  caufed  to  contain  1 2 
intervals ; and  by  this  means  every  one  ot  thole 
12  founds  may  be  taken  for  the  key  note  of  a lharp 
or  a flat  mood,  and  is  called  accordingly ; for  in- 
ftance,  the  key  of  D with  a lharp,  or  with  a flat, 

third ; the  key  of  E with  a lharp,  or  with  a flat, 

third ; the  key  of  E flat,  with  a lharp  third,  or 

the  key  of  E flat,  with  a flat  third  ; and  fo  of  the 

reft. 

Yet  this  difpofition  of  tones,  both  principal  and 
intermediate,  is  attended  with  a remarkable  imper- 
fection, which  may  be  palliated,  but  cannot  be 
entirely  removed.  — The  nature  of  this  imper- 
fection will  be  fhewn  in  the  fequel  ; but  pre- 
vioufly  to  it,  lomething  mult  be  laid  with  refpect 
to  the  notation  of  the  various  mufical  founds. 

The  whole  range  of  mufical  founds,  compre- 
hending all  thofe  which  may  be  exprefled  by  hu- 
man voices,  as  alfo  by  the  mufical  inftruments  that 
are  moftly  in  ufe,  confifts  of  atjout  leven  or  eight 

oCtavcs  -y 
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craves ; yet  muficians  can  exprefs  every  one  of 
thofe  founds  by  placing  certain  fpots,  marks,  or 
notes,  upon,  and  adjoining,  five  parallel  lines;  and, 
in  f’i£l:,  mufic  paper  is  ruled  with  fuch  zones  of  pa- 
rallel lines. 

A mark  or  note,  placed  upon  one  of  thofe  lines, 
denotes  a certain  tone  ; for  inflance  C,  a mark 
placed  in  the  fpacc  which  is  between  that  line  and 
the  next  above,  denotes  the  next  note  to  that, 
viz.  D ; a mark  on  the  next  line  above,  denotes  E ; 
and  fo  forth.  The  intermediate  founds,  or  the 
fiats  and  fharps,  are  denoted  by  auxiliary  marks, 
viz.  denotes  a (harp,  and  b denotes  a flat ; thus 
prefixed  to  the  note  of  D,  means  the  found 
intermediate  between  D and  E ; and  b pre- 
fixed to  the  note  of  E,  means  the  fame  found, 
viz.  the  found  intermediate  between  D and 
E,  &c. 

1 he  form  of  the  notes,  viz.  whether  the  mark 
is  entirely  black,  or  open  like  an  o,  or  having  a 
tail  annexed  to  it,  has  nothing  to  do  with  refpedt 
to  the  particular  found.  That  diverfity  of  form 
indicates  the  duration  only  of  the  founds  ; or  what 
is  called  the  time. 

By  infpefiing  any  one  of  the  zones  in  fig.  6. 
Pla*e  XIV.  it  will  be  perceived  that,  upon  die  ufual 
five  lines  of  mufic,  no  more  than  eleven  different 
notes  can  be  marked,  viz.  one  upon  each  line,  one 
upon  each  of  the  fou  fpaces  between  thofe  lines, 
one  above  the  upper  line,  and  one  below  the  firil 
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line : at  prefent,  indeed,  the  notation  is  extended 
confiderably  above  and  below  the  five  lines,  and 
that  by  means  of  auxiliary  little  lines,  as  in  fig.  7. 
Plate  XIV.  ; yet  this  lalt-mentioned  method  is  by 
no  means  fufficient  to  exprefs  the  whole  range  of 
mufical  founds.  Formerly,  however,  they  uied 
only  the  eleven  notes  of  fig.  6 *.  Now,  in  order 
to  exprefs  the  higher  or  lower  tones,  the  names 
and  bonification  of  the  notes  are  altered,  and  this 
alteration  is  indicated  by  a certain  mark,  called  cliff 
which  is  always  placed  at  the  beginning  of  a piece 
of  mufic,  and  likewife  wherever  the  value  of  the 
notes  is  required  to  be  altered. 

There  are  feven  of  thofe  cliffs.  (See  fig.  8. 
Plate  XIV.)  They  are  of  three  different  forms, 
and  of  three  different  iignifications,  viz.  the  firft 
two  are  called  cliffs  of  F,  becaufe  where  they  are 
placed,  (viz.  on  the  fourth  line  and  on  the  third  line) 
there  the  note  of  F is  fituated,  and  the  other  notes 
above  and  below  are  named  accordingly.  The 
four  cliffs  of  the  fecond  fpecies  are  called  cliffs  of 
C,  becaufe  where  they  are  fituated,  viz.  upon  four 
of  the  five  lines,  there  the  C is  placed.  Of  the 


* The  ancient  mailers  of  mafic  reckoned  a good  voice 
, for  finging,  whether  bafe,  or  tenor,  or  treble,  &c.  that  which 
could  exprefs  eleven  good  and  pleafant  tones.  In  fa£l,  very 
feldom  a finger  can  go  higher  or  lower,  without  changing 
the  quality  of  his  voice.  Hence  eleven  principal  marks  were 
reckoned  fufficient  for  mufical  notation. 

third 
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third  fpecies  there  is  but  one  cliff,  which  is  called 
the  clifF  of  G,  becaufe  where  that  cliff  is  fituated, 
viz.  cn  the  fecond  line,  there  the  note  of  G is 
placed. — Thole -cliffs,  befides  the  fpecific  names, 
have  each  a peculiar  appellation.  The  peculiar 
appellations  of  thofe  cliffs,  together  with  the  names 
or  fignificadons  of  the  notes  in  each  cliff,  are  clearly 
exhibited  in  fig.  6.  Plate  XIV.  wherein  the  notes, 
for  brevity  fake,  are  not  carried  on  farther  above  or 
below  the  eleven  above-mentioned  notes*. — Should 
the  reader  be  defirous  of  learning  which  note  of 
one  cliff  correfponds  with  a certain  other  note  of 
the  other  cliffs,  fig.  9.  Plate  XIV.  will  give 
him  the  required  information  ■,  for  in  that  figure, 
a note  is  placed  after  every  one  of  the  feven  cliffs, 
and  every  one  of  thofe  notes  indicates  the  fame 
found  precifely;  namely,  the  C,  which  is  expreffed 
by  placing  the  third  finger  upon  the  fourth  or  largeft 
Hr ino-  of  a violin. 

O 

Hitherto  we  have  only  mentioned  the  depend- 
ance,  or  rather  the  ratio  that  one  found  bears  to 
another ; fo  that  when  one  found  is  given,  its  fifth, 
or  third,  or  oftave,  &c.  may  be  eafily  found  ■,  but 
it  will  be  neceffary  to  define  or  determine  the  firff, 
or  any  one  of  them,  fince  from  one  being  known, 
all  the  others  may  be  derived.  The  conveniency 
cf  fingers  has  efiablifhed  a certain  ftandard,  which  is 


* At  prefent,  however,  the  baritone  cliff,  and  the  halt 
f'porano  cliff,  are  feldom,  if  ever,  ufed. 

adopted 
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adopted  by  moft  muficians  in  this  country ; is  ufed  in 
concerts,  as  alfo  at  the  opera  houfe,  play  houles,  &c. 
It  is  called  the  concert  pitch  ; and  this  found  is  ex- 
preffed  by  a fmall  inftrument,  which  is  conveyed  from 
place  to  place  by  thofe  perfons  who  tune  organs, 
harpfichords,  &c.  It  is  a fteel  inftrument,  , which 
when  ftruck  founds  a certain  note.  See  fig.  1 1.  Plate 
XIV.  or  ell'e  a little  fort  of  flute,  which  founds  that 
certain  note.  Thofe  tuning  forks , or  tuning  pipes, 
(for  fo  they  are  called)  are  tuned  all  alike,  a flier  a 
pattern  one,  which  is  kept  in  referve  by  the  makers; 
and  indeed,  notwithstanding  the  v/ear  and  alteration 
by  heat  and  cold,  thofe  tuning  forks  are  in  general 
pretty  much  of  the  fame  pitch.  According  to  that 
pitch,  the  C,  which  follows  the  cliffs  in  fig.  9.  per- 
forms about  513  vibrations  in  one  found. 

Fig.  12.  of  Plate  XIV.  exhibits  in  one  view  all 
the  particulars  which  may  be  of  ufe  with  refpecT  to 
an  octave  of  tones,  hemitones,  &c.  It  con  fills  of 
6 horizontal  rows.  The  firft  row  contains  the  13 
notes  of  an  oftave  expreffed  in  the  bafe  cliff.  The 
fecond  row  fhews  the  ratio  of  the  firing  which  ex- 
preffes  each  found,  with  rcfpefl  to  the  firft.  The 
third  row  expreffes  the  lengths  of  the  various 
firings,  (which  muft  be  equal  in  all  other  re- 
fpefts)  in  numbers  of  equal  parts,  of  which  3600 
are  equal  to  the  length  of  the  firft  firing.  The 
fourth  row  expreffes  the  aftual  number  of  vibra- 
tions performed  in  one  fecond  by  each  found,  ac- 
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cording  to  the  concert  pitch  *.  The  fifth  row  con- 
tains the  literal  nair.es ; and  the  fixth  row  contains 
the  numer  cal  names  of  the  founds,  when  C is  the 
fir II,  or  key,  note. 

Hitherto  we  have  only  fpokcn  of  the  fncceflion. 
of  founds,  and  have  afferted  that  the  founds  only  of 
the  fcale,  which  is  dated  in  page  372,  can  furnifh  a 


* Thofe  numbers  of  the  vibrations,  Sec.  have  been  de- 
duced by  calculation,  according  to  the  rule  in  page  362  ; 
wherein  the  refifhince  of  the  air  is  not  noticed;  hence  they 
probably  are  a little  higher  than  the  truth. 

For  this  purpofe  a brafs  harpfichord  firing  was  fulpended 
like  a pendulum,  with  a weight  of  5 lb.  and  14  ounces  (viz. 
4.1125  grains)  at  its  extremity.  The  length  of  the  firing 
was  62  inch<  s,  its  weight  was  22,25  giains.  Its  found, 
according  to  the  concert  pitch,  was  exadfly  A,  viz.  one 
octave  below  the  A,  in  fig.  12.  By  calculation,  from 
thofe  data,  it  was  determined  to  perform  107  vibrations  in 
one  fecond. 

Heat  and  cold  have  a confiderable  influence  on  the  pitch 
of  all  fonorous  bodies,  which  arifeS  from  their  being;  ex- 
panded  or  contracted  in  their  dimenfions,  alfo  from  an  altera- 
tion of  their  elafticity.  A fteel  tuning-fork,  heated  to  the 
degree  of  boiling  water,  wall  found  a note  about  a hemitone 
lower  than  it  will  when  cooled  to  the  degree  of  freezing 
water.  The  pitch  of  an  organ  pipe  will  be  higher  in  fum- 
mer  than  in  winter  ; for  in  that  pipe  it  is  the  column  of  air 
that  vibrates  ; and  in  the  winter  time  that  column  of  air  is 
denfL-r,  heavier,  and  of  courfe  vibrates  llower,  than  in 
fjmmer.  See  Smith’s  Harmonics,  SedL  IX.  Schol.  to 
Prop.  XVIII. 


pleafing 
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pleating  melody,  or  rather  the  mod  pleating  me- 
lody. But  it  is  neceflary  to  obferve,  that  the  pro- 
priety of  fuch  founds  is  lhewn  likewife  by  the 
agreement,  or  pleating  effed,  which  arifes  from 
certain  two  or  more  of  them  being  expreffed  at  the 
fame  time ; and  it  is  remarkable  that  the  like  pleaf- 
ing  effed  canned  be  produced  by  any  other  fcale 
of  founds. 

When  two  fonorous  bodies;  that  exprefs  the 
fame  note  precilely  (in  which  cafe  they  are  faid  to 
be  in  unifon ) are  founding  at  the  fame  time ; the 
agreement  is  fo  great,  that  we  can  feldom  perceive 
whether  it  be  one  found  or  two.  The  next  befh 
agreement  is  when  any  note,  and  its  odave,  are 
founded  at  the  fame  time.  Next  to  this  is  that  of 
any  note  and  its  fifth  then  that  of  any  note  and 
its  third  lharp,  and  then  that  of  any  note  and  its 
third  flat,  or  its  fixth,  either  flat  or  fliarp. 

A perfeld  accord  is  that  which  arifes  from  four 
notes  exprefled  at  the  fame  time,  viz.  any  note,  its 
third  fharp,  its  fifth,  and  its  odave.  The  other 
accords  are  imperfeft  \ and  fome  of  them  are  very 
difagreeable ; yet  with  certain  reftridions  fome  of 
them  are  not  only  tolerable,  but  may  be  intro- 
duced with  confiderable  effed. 

The  rules  of  mutical  compofition,  which  dired 
the  proper  arrangement  of  accords,  and  likewife 
fhew  the  neceflary  limitations  or  management  of  the 
melody,  have  been  deduced  from  long  and  diver- 
fified  experience.  Upon  the  whole,  they  are  rather 
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intricate  and  numerous  ; but  notwithftanding  their 
multiplicity,  the  various  cafes  and  combinations 
of  mufical  founds  are  far  from  being  all  reduced, 
and  feenn  not  to  be  all  reducible,  to  certain  and  de- 
terminate rules.  In  mufical  compofition,  a great 
deal  mull  depend  upon  the  genius  of  the  compofer; 
and  this  genius,  or  natural  difpolition,  to  invent 
pleafing  melodies,  and  pleafing  harmony,  is  what 
principally  diftinguifhes  one  compofer  from  another. 
It  is  the  gift  of  nature ; it  may  be  guided,  but  not 
given,  by  art. 

It  has  been  faid  above,  that  the  difpolition 
of  tones  and  hemi-tones,  fuch  as  is  exhibited  in 
fig.  12.  Plate  XIV.  is  attended  with  a remarkable 
imperfe&ion,  which  may  be  palliated,  but  cannot 
be  entirely  removed. — The  nature  of  this  imper- 
fection will  be  eafily  manifefted  by  means  of  an 
example. 

The  proportional,  as  well  as  the  proper  lengths 
of  the  firings,  which  exprefs  the  2d,  3d,  4th,  5th, 
&c.  of  C ; viz.  when  C is  taken  for  the  key  note, 
are  exprefied  in  fig.  12.  But  fuppofe  it  be  re- 
quired to  make,  not  C,  but  D,  the  key  note  ; then 
A,  which  was  the  fixth  of  C,  does  now  become 
the  5th  of  the  key  note  D;  and  therefore  its  length 
mult  be  two-thirds  of  the  length  of  D.  Now,  in 
the  table,  the  length  of  D is  3200  equal  parts,  and 
that  of  A is  2160  fuch  parts;  but  2160  is  not 
equal  to  two- thirds  of  3200  (for  \ of  3200,  are 
21 3j>33»  &c.)  i therefore  the  A in  the  fcale, 

which 
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Vnich  is  a proper  fixth  to  C,  is  an  imperfeCt  5th  to 
D ; nor  can  this  deficiency  be  fupplied  by  the  inter- 
pofition  of  another  firing  between  A and  A fliarp ; 
becaufe  that  other  firing,  though  a perfeCt  fifth  to 
D,  would  be  an  imperfeCt  fourth,  when  E is  taken 
for  the  key  note,  or  it  would  be  an  improper  3d, 
when  F is  taken  for  the  key  note,  &c.  And  if  fo 
many  firings  were  interpofed  between  A and  A 
fliarp,  as  to  fupply  all  thole  deficiencies,  the  com- 
plication and  multiplicity  of  founds  would  be 
endlefs ; for  what  has  been  faid  of  A may,  with 
equal  propriety,  be  faid  of  every  other  found  of  the 
oCtave. 

The  only  expedient  which  is  at  prefent  pra&ifed 
for  the  purpofe  of  palliating  the  above-mentioned 
imperfection,  is  to  tune  the  A not  fo  high,  or  to 
make  the  length  of  that  firing  not  fo  long  as  1 1 60 
parts,  nor  fo  fhtirt  as  2133,3,  by  which  means  that 
A is  rendered  an  imperfeCt  fixth  to  C,  and  an  im- 
perfeft  fifth  to  D ; or  the  imperfeclion  is  divided, 
which  renders  it  tolerable  in  both  cafes,  other- 
wife  it  would  be  very  pleafant  in  one  cafe,  but  in  •• 
tolerable  in  the  other.  The  fame  thing  is  done 
with  refpeCt  to  all  the  other  founds  of  the  oCtave  ; 
viz.  they  are  made  to  deviate  a little  from  thofe  pro- 
per pitches,  or  from  the  lengths,  which  are  expreffcd 
in  fig.  12.  for  the  purpofe  of  rendering  them  tolera- 
ble when  one  note  or  another  is  taken  for  the  key 
note.  This  deviation  from  the  proper  lengths,  or 
from  the  proper  pitches,  is  called  the  temperament- 
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of  mufical  inJlrumeniSy  or  of  the  mufical  fcale  ; and  is 
ufed  in  tuning  all  thofe  inftruments  which  have 
fixed  notes,  as  the  harpfichord,  organ,  & c.  And 
even  with  other  inftruments,  and  with  the  voice  in 
finging,  a certain  temperament  is  ufed,  both  from 
imitation  and  from  nerefiity  *. 

It  muft  be  obferved,  with  refpe<5t  to  this  tempera- 
ment, that  if  the  imperfections  be  divided  equally, 
viz.  in  Inch  a manner  as  to  render  the  effeCt  the 
fame,  whether  one  or  another  of  the  12  founds  of 
the  octave  be  confidered  as  the  key  note ; then  that 
effect  would  not  be  pleafant;  therefore  the  practice 
is  to  divide  the  imperfections,  but  to  divide  them 
Unequally  y viz.  fo  as  to  render  the  fecond,  third, 
fourth,  fifth,  &c.  of  fome  key  notes,  in  which  moft 
pieces  of  mufic  are  written,  lefs  imperfeCl  than 
others. 

An  equal  temperament,  therefore,  is  impracti- 
cable ; and  it  is  impofiible  to  fix  the  limits  of  an 
unequal  one,  or  fuch  as  may  be  commonly  ufed; 
for  almoft  every  tuner  of  inftruments  ules  a tem- 
perament a little  different  from  the  reft,  of  which 
he  judges  by  his  hearing  only;  and  fome  capital 
performers  fometimes  have  their  inftruments  tuned 
with  a peculiar  temperament,  for  the  purpofe  of 


* For  the  nature  and  limits  of  the  temperament  of  mu- 
fical inftruments,  fee  my  paper  on  the  fubjetft  in  the  78th 
voh  of  the  Philofophical  T raufaCtions. 


giving. 
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giving  a greater  effect  to  their  particular  compoli- 
tions  *. 

We  fhallj  laftly,  conclude  this  long  chapter  with 
feme  remarks  concerning  the  effects  which  are  at- 
tributed to  mufical  founds.  Of  thole  effects  there 
are  fome  which  are. true  and  acknowledged;  whilft 
others  are  lei's  confpicuous,  or  doubtful,  and  per- 
haps abfolutely  chimerical. 

Single  founds,  or  a fucceflion  of  founds,  are  plea- 
fant  or  unpleafant  in  various  degrees.  The  fingle 
founds,  in  order  to  be  pleafant,  muft  be  uniform, 
neither  too  loud  nor  too  fofr,  and  muff  be  as  fimple 
as  poffible.  A regular  fwell  and  decay  in  the 
ftrength  of  the  found  is  pleafing  in  certain  cafes ; 
but  it  is  impofiible  to  define  the  quantity  of  thole 
dualities. 

X 1 

The  various  tones  of  a natural  voice,  or  of  an 
inftrument,  fhould  be  of  one  quality  ; whereas  they 
frequently  feem  to  belong  to  different  voices,  or  to 
different  inftruments  f. 

It 


* I have  a fet  of  tuning-forks,  for  all  the  13  founds  of  an 
oftave,  which  were  tuned  by  one  of  the  belt  piano-forte 
makers  in  town,  according  to  his  temperament ; but  on 
comparing  them  with  inftruments  recently  tuned  by  other 
perfons,  I find  that  they  very  feldom,  if  ever,  agree  perfectly 
together. 

f The  firings  of  piano-fortes,  harpfichords,  Sec.  were 
they  all  of  the  fame  thick nefs,  could  not  conveniently  be 
made  of  the  proper  lengths  ; therefore,  by  making  them  of 

c c 3 different 
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It  is  impoffible  to  fay  whence  arifes  the  pleafure 
which  is  communicated  by  certain  fucceflions  of 
founds.  There  are  certain  periods  in  mufical  me- 
lody which  excite  peculiar  fenfations  more  or  lefs 
pleafing,  and  produce  different  fenfations  of  plea- 
fure or  difpleafure,  upon  different  perfons.  Thofe 
fenfations  cannot  be  expreffed  or  defined. 

The  agreement  or  difagreement  of  two  or  more 
founds,  expreffed  at  the  fame  time,  fee  ms,  upon 
the  whole,  to  arife  from  the  more  or  lefs  frequent 
coincidence  of  the  vibrations.  Thus  any  tone  and 
its  odtave,  agree  better  than  the  fame  tone  and  its 
fifth,  the  latter  better  than  the  fame  tone  and  its 
third,  &c.  viz,  the  compound  found  is  fmoother, 
and  approaches  nearer  to  the  nature  of  a fingle 
found  in  the  firft  cafe  ; lefs  in  the  fecond  ; {till  lefs 
in  the  third,  &c.  And  in  fa6t,  in  the  firft  cafe 
there  is  a coincidence  of  vibrations  at  every  fecond 
vibration  of  the  grave  tone  ; the  coincidence  is  not 
fo  frequent  in  the  fecond  cafe ; (till  lefs  in  the  third, 
and  fo  on  ; yet  the  more  or  lefs  pleafant  or  unplea- 


different  fizes,  and  by  ftretching  them  differently,  their 
lengths  are  fuited  to  the  commodious  fize  of  the  inftru- 
ment.  Now  the  great  object  in  adjufting  the  fizes  and 
lengths -of  fuch  firings,  is  to  contrive  that  each  firing  be 
foetched  by  a force  proportionate  to  its  thicknefs  and  length; 
othervvife  the  inffrument  will  not  have  a uniform  voice. — - 
Few  makers  of  fuch  inflruments  pay  fufficient  attentioc  to 
ibis  particular. 
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fant  effefl,  cannot  arife  entirely  from  that  more  or 
lefs  frequent  coincidences  for  (befides  other  reafons 
which,  to  avoid  prolixity,  (ball  not  be  mentioned 
here)  in  the  firfl  place,  a fucceflion  of  thirds  or  qf 
fixths  is  much  more  pleafant  to  the  ear  than  a fuc- 

L 

ceflion  of  fifths  s and,  in  the  fecond  place,  the  in*- 
trodudlion  of  a difcord  in  certain  accords,  is  not 
only  tolerable,  but  very  pleafing.  The  cafes  in 
which  difcords  may  be  introduced,  have  been  found 
by  experience,  and  are  fpecified  amongfl  the  prac> 
tical  rules  of  mufical  compofition,  which  do  not  be- 
long to  this  treatife. 

It  has  been  faid  above,  that  feldom,  if  ever,  a 
found ;ng  body  expreffes  a fingle  founds  and  that 
fu.ch  founding  bodies  are  ufed  in  mufic  as  exprefs 
the  fimpleft  founds.  But  even  amongft  thofe, 
fome  fingular  produdlions  of  fecondary  founds  have 
been  remarked,  and  tire  principal  facts  are  as 
follows  : 

It  a large  firing  of  a mufical  inflrument  be 
founded,  or,  in  fhort,  if  a pretty  deep  and  rather 
ftrong  found  be  continued  for  a little  time,  there 
will  be  heard  at  the  fame  time  two  other  founds ; 
namely,  the  12th  and  the  17th  of  the  original 
found.  For  inflance,  if  the  loweft  C in  the  bafe 
cliff  be  founded,  you  will  hear  the  fecond  G and 
the  third  E of  the  lcale  above. 

It  was  difeovered  by  Tartini,  at  Ancona,  in  the 
year  1713,  that  if  of  the  three  notes  which  form 
the  perfect  accord  of  3d,  5 th,  and  odtave,  (as  for 
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inftance  C,  E,  and  G ; or  G,  B,  and  D,  &c.)  two 
be  founded  at  the  fame  time,  a third  found  will  be 
heard,  viz.  a fundamental  note  *. 

The  various  cafes  of  this  fort  are  fhewn  in 
fig.  10.  Plate  XIV.  where  the  open  notes  are 
thofe  which  muft  be  founded  (and  here  it  is  to  be 
obferved,  that  they  muft  be  founded  perfect,  viz. 
without  temperament),  and  the  black  note  is  the 
found  which  is  heard.  The  firft  cafe  is  evidently 
the  reverfe  of  that  which  is  mentioned  in  the 
paragraph  laft  but  one.  In  the  laft  cafe,  the  note 
which  is  heard  is  in  unifon  with  one  of  thofe 
which  is  founded  ; but  it  may  be  diftinguifhed  by 
its  being  a found  of  different  quality. 

The  true  reafon  of  thofe  phenomena  is  not 
known ; nor  fhall  I detain  my  reader  with  any 
account  of  the  infufficicnt  hypothefes  that  hav* 
been  offered  for  their  explanation.  Certain  it 
feems,  that  the  third  found  is  not  produced  by  the 
undefined  communication  of  the  vibrations  to 
fome  other  firing  or  pipe  of  the  inftrument ; for 
if  you  take  a violin,  and  found  at  the  fame  time 
C on  the  largeft  fil  ing,  and  A on  the  next,  you 
will  alfo  hear  an  F,  which  is  a 1 2th  below  the 
C,  and  which  cannot  be  expreffed  upon  any  firing 
of  the  \ioJin  ; G being  the  lowed,  note  of  that  in- 
ftrument. 


* See  TiU'tiin’s  Treatifc3  della  vera  feienza  dell’ Armenia. 

Frequent 
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Frequent  mention  is  made  by  the  ancient  writers, 
as  alfo  by  modern  enthufiafts,  of  the  wonderful 
effects  of  mufic  on  the  paftions.  Anger,  com- 
panion, love,  melancholy,  cheerfulnefs,  &c.  may 
in  fome  meafure  be  excited  by  mufic ; but  the  con- 
currence of  other  circumftances,  the  exaggeration 
of  the  accounts,  and  the  various  fenfibility  of  in- 
dividuals, will  not  allow  11s  to  fettle  the  ftandard  of 
credibility  upon  any  fure  foundation.  The  an- 
cients, under  the  name  of  mufic,  comprehended 
poetry  and  dancing ; and  we  may  eafily  believe 
that  fine  poetry  fet  to  mufic  in  a fimple  melody, 
and  perhaps  accompanied  with  dancing,  or  with 
aftions,  may  have  had  confiderable  effe£t  on  the 
fancies  and  affe&ions  of  different  perfons,  efpeci- 
ally  of  thofe  to  whom  it  arrived  new. 

With  refpedt  to  the  effects  of  modern  mufic, 
which  is  undoubtedly  more  refined  than  the  mere 
mufic  of  the  ancients,  mod,  and  perhaps  all,  of 
my  readers  are  able  to  judge  for  themfelves. 

Amongfl  the  extraordinary  effects  that  have  been 
ascribed  to  mufic,  its  affording  a cure  for  the 
poifon  of  the  Tarantula  fpider,  has  been  fo  fre- 
quently afferted,  that  it  would  appear  improper 
to  leave  the  ftory  quite  unnoticed  in  this 
chapter. 

In  the  fouthern  part  of  Italy,  efpecially  in  the 
fouth  of  Naples  and  in  Sicily,  fometimes  perfons, 
almoft  always  of  a low  condition,  are  bit  by  a 

largifh 
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largifh  fort  of  fpider,  called  tarantula.  At  cer- 
tain periods  of  the  year  the  perfon  that  has  been 
once  fo  bit,  affects  to  feel  a pain  about  the  part 
bit,  which  is  accompanied  with  dejeCtion  of  fpi- 
rits,  fallownefs,  &c.  If  fprightly  mufic  be  played 
(and  a certain  jig,  called  the  tarantella , is  generally 
played  on  fuch  occafions)  the  patient  gets  up,  and 
begins  to  dance  with  irregular  geftures  ; the  quick- 
nefs  of  his  movements  generally  increales  to  a cer- 
tain degree  j and  the  dance  continues  Sometime^ 
without  intermiffion  for  hours.  At  laft  the  patient, 
fatigued  and  exhaufted,  throws  hirnfelf  down  on  the 
floor,  or  on  a chair,  or  a bed.  See.  to  recruit  his 
ftrength ; and  the  fit  is  over  for  that  time. — The 
remarkable  part  of  the  ftory  is,  that  this  exer- 
tion of  dancing,  &c.  cannot  be  done  without 
rrnific. 

In  the  firffc  place,  it  is  very  doubtful  whether  the 
fpider  is  at  all  poifonous,  or  whether  it  has  any 
fliare  at  all  in  the  production  of  the  pretended 
illnefs. 

The  diforder,  probably  a nervous  or  hysterical 
affeCtion,  may  arife  from  other  caufes,  efpecially 
in  a pretty  warm  climate.  And  the  violent  agi- 
tation of  the  patient,  accompanied  with  perfpi ra- 
tion, See.  may,  very  likely,  relieve  him  or  her  (lor 
the  tarantula  bites  women  as  well  as  men). 

The  pretended  indifpenfable  aid  of  mufic,  the 
long  continuance  of  the  dance,  the  ftrange  gef- 
tures. 
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tures,  and  feveral  odd  fancies,  which  fuch  pa- 
tients are  fuppofed  to  have,  are,  in  all  probability, 
di&ated  by  prejudice,  by  the  love  of  fmgularity, 
or  by  the  defire  of  exciting  aftonifhment  in  the 
minds  of  the  fpe&ators,  who  are  always  numerous 
on  fuch  occasions. 
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CHAPTER  XIII. 

, • « 

A GENERAL  VIEW  OF  THE  PRINCIPAL  USES  GF 
THE  ATMOSPHtRE;  WHEREIN  THE  NATURE  OF 
RAIN  AND  EVAPORATION  WILL  BE  NOTICED. 

r | H E aerial  fluid,  which  furrounds  the 
A earth,  and  whatever  exifts  thereon,  is  un- 
noticed by  the  vulgar,  amongft  whom  the  words 
air  and  nothing  are  almofl;  fynonimous ; it  is  con* 
fidered  as  a fuperfluous  appendage  by  the  fuperfi- 
cial  obferver  ; but  the  deepefl  refearches  of  the 
moft  enlightened  philofbphers,  acknowledge  the 
infinite  wifdom  of  nature,  in  the  creation  of  a fluid 
moft  indifpenfably  neceflary  for  the  maintenance  of 
animal  and  vegetable  life;  for  the  difperfion  of 
light;  for  the  communication  of  found;  for  the 
abforption  of  water  from  certain  places,  and  the 
difperfion  of  the  fame  fluid  over  other  places  ; 
for  giving  motion  to  a variety  of  ufeful  ma- 
chines, &c. 

There  is  not  one  of  the  properties  of  the  air,  nor 
one  of  its  movements,  however  trifling  or  irregular 
may  at  firft  fight  appear,  which,  when  duly  confi- 
dered,  will  be  found  to  be  ulelefs  or  defective. 
Were  the  air  either  lighter  or  heavier;  had  it  a 
different  degree  of  elafiicity,  than  it  does  now 
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poffefs,  were  its  other  properties  at  all  altered,  the 
organifm  of  the  terraqueous  globe  would  be  de- 
ranged, and  perhaps  utterly  deftroyed. 

The  fame  incomprehenfible  wifdom  that  has 
arranged  all  the  parts  of  the  univerfal  frame  in 
clue  weights  and  proportions,  may  undoubtedly  fit 
them  to  a different  fort  of  atmofphere  by  a fuitable 
alteration  of  the  whole  date  of  things ; but  our  very 
limited  comprehenfion,  not  being  able  to  conceive 
how  luch  an  alteration  could  be  made  for  the 
better,  only  finds  ample  reafon  for  fatisfadtion,  ad- 
miration, and  wonder,  in  the  inveftigation  of  the 
properties  of  the  exifting  atmofphere. 

After  having  admired  the  general  order,  and  the 
providential  wifdom  of  nature,  it  will  be  neceffary 
to  examine,  with  patient  toil,  what  more  immedi- 
ately concerns  us,  viz.  the  particular  ufes  of  the 
atmofphere,  at  leaft  as  far  as  may  be  inferred  in 
this  place  ; for  we  muff  neceffarily  referve  the  che- 
mical properties  of  air,  and  its  connedtion  with, 
light,  heat,  and  eledtricity,  for  the  fublequent  pans 
of  this  work. 

It  is  in  confequence  of  the  vi'eight  and  elaflicity 
of  the  air,  that  animals  refpire  with  freedom,  and 
that  the  operations  of  fucking,  pumping,  &c.  are 
performed. 

The  thorax,  or  that  part  of  the  human  body 
which  is  furrounded  by  the  fpine  or  back  bone, 
the  ribs,  the  fternum  or  breaff  bone,  and  the  dia- 
phragm, is  almoft  entirely  occupied  by  the  lungs, 
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which  con  fill  of  an  itnmenfe  number  of  veficle»>: 
whofe  cavities  communicate  with  certain  duels, 
and  thofe  du<5ts,  with  others  of  a larger  fize, 
which  at  laft  communicate  with  a large  one, 
called  the  wind  pipe,  the  aperture  of  which  is  in 
the  mouth,  at  the  back  or  root,  of  the  tongue. 

The  air,  unlefs  we  keep  both  the  mouth  and  the 
noftrils  clofed,  communicates  with  the  infide  fur- 
face  of  the  lungs  j that  is,  of  its  innumerable  ve- 
ficles,  and  with  the  outfide  of  the  thorax  or  cheft. 
If  we  enlarge  the  cheft,  the  weight  of  the  at- 
mofphere  drives  a quantity  of  air  in  our  lungs, 
which  is  called  an  inspiration  and  if  we  contract 
our  cheft,  a quantity  of  air  is  expelled  from  it, 
which  is  called  an  expiration. 

The  enlargement  of  the  cheft  is  occafioned  by  an 
elevation  of  the  ribs,  by  a fmall  motion  of  the 
fternum,  and  by  a fuitable  movement  of  the  dia- 
phragm ; but  the  action  of  each  part  cannot  be 
linderftood  without  a particular  anatomical  deferip- 
tion,  which  does  not  belong  to  this  treadle. 

The  freedom  of  refpiration  in  a found  animal 
body,  depends  on  the  equal  prelfure  of  the  atmo- 
fphere,  both  on  the  infide  furface  of  the  lungs, 
and  on  the  outfide  of  the  body.  In  fait,  if  we 
keep  both  mouth  and  noftrils  accurately  clofed,  we 
can  neither  contrail  nor  expand  our  cheft ; ex- 
cepting, indeed,  in  a fmall  degree ; for  the  quan- 
tity of  air  which  always  remains  within  the  lungs, 
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may  be  a little  rarefied,  or  coiripreffed,  by  the  ex-* 
ertion  of  our  mufcles. 

A man  ufually  performs  about  twelve  infpira- 
tions,  and  as  many  expirations  in  a minute ; bus 
refpiration  may  be  quickened  by  various  caufes,  a 3 
by  agitation  of  the  body  or  mind,  by  heat,  by  a rare- 
fied or  vitiated  atmofphere,  and  by  difeafes.  Infanta 
breathe  quicker. 

In  general,  a full  grown  perfon  takes  in  between 
20  and  30  cubic  inches  of  air  at  every  infpiration, 
and  expels  about  the  fame  quantity  at  every  expi- 
ration, but  a great  deal  of  air  does  always  remain 
in  the  lungs.  In  a forced  or  violent  infpiration  or 
expiration,  a double  quantity  of  air,  viz.  about  5.0 
cubic  inches  of  air,  may  be  taken  in  or  expelled, 
and  even  then  a confiderable  quantity  of  air  re- 
mains in  the  lungs,  befides  what  is  contained  in 
the  mouth,  wind  pipe,  &c.  for  the  capacity  of  the 
lungs  of  a man,  may  at  a mean  be  reckoned  equal 
to  about  two  cubic  feet. 

The  operation  of  fucking,  in  general,  confifts  in 
removing  the  prefilire  of  the  atmofphere  from  a 
certain  part  of  the  furface  of  a fluid,  vvhilft  that 
prefilire  is  at  liberty  to  adit  on  fome  other  part  of 
the  furface  of  the  fame  fluid,  in  confequence  of 
which  the  fluid  is  forced  to  afcend  where  the  preflfure 
has  been  removed  or  diminifhed. 

If  a man  apply  his  mouth  to  the  aperture  of  a 
bottle  full  of  liquor,  and  Handing  flraight  up,  he 
will  not  be  able  to  fuck  any  liquor  out  of  it  j but 
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if  a hole  be  opened  at  the  bottom  of  the  bottle,  and 
that  bottle  be  fet  in  a bafon  full  of  liquor,  then  the 
liquor  may  be  fucked  out  of  it.  And  the  fame 
effect  will  take  place  if  an  open  tube  be  fet  with 
one  end  in  water,  and  a man  applv  his  mouth  to 
the  other  end,  and  fucks.  The  mechanical  part  of 
the  operation  is  as  follows  : —By  enlarging  his 
cheft,  the  man  rarefies  the  air,  and,  of  courfe, 
diminilhes  its  prelfure  on  the  liquor,  which  is  im- 
mediately under  the  tube;  in  confequence  of  which 
the  prelfure  of  the  atmofphere  on  the  furface  of  the 
furrounding  liquor,  forces  the  liquor  to  afcend 
into  the  tube.  (See  the  experiment,  which  is  de- 
fcribed  in  page  205.) 

In  the  operation  of  fucking,  after  the  manner 
of  children,  the  rarefaftion  is  produced  in  the  rore 
part  of  the  mouth  ; viz.  the  tongue  is  applied  fo 
as  to  fill  up  the  fpace  between  the  lips  and  the 
nipple,  or  pipe  which  conveys  the  milk  or  other 
liquor;  then  the  tongue  is  drawn  backwards,  whilffc 
the  lips  are  laterally  prelfed  againft  it,  by  which 
means  a little  vacuum  is  formed  before  it,  and  the 
liquor  is  forced  into  that  vacuum  by  the  prelfure  of 
the  atmofphere  upon  its  external  furface,  or  upon 
the  furface  of  the  bag  which  contains  it. 

If  an  empty  velfel,  having  one  aperture,  be  ap- 
plied with  its  aperture  to  the  lips,  and  the  above- 
mentioned  operation  of  fucking  be  performed,  the 
velfel,  if  not  too  heavy,  will  remain  attached  to  the 
lips,  and  that  for  the  fame  reafon. 
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It  is  for  the  fame  reafon,  that  fnails  remain  at- 
tached to  folids,  that  limpets  adhere  very  firmly  to 
rocks,  that  the  lea  polypus  holds  with  great  force 
whatever  it  fallens  its  claws  to,  and  that  fiome  in- 
fers fulpend  themfelves  to  folids;  for  though  not 
performed  with  the  mouth,  the  principle  of  the 
operation  is  exadly  the  fame,  viz.  a foft  membrane 
is  applied  to  the  folid,  then  the  middle  part  of 
thac  furface  is  withdrawn  a little  way,  lo  as  to  form 
a vacuum,  or  at  lealt  a rarefaction  of  the  air  be- 
tween the  centre  of  the  foft  membrane  and  the  folid, 
in  confequence  of  which  the  parts  of  the  membrane 
which  lurround  that  lpot,  are  by  the  gravity  of  the 
atmofphere  prefled  againft  the  folid,  and  the  latter 
is  prefled  againlt  the  former;  hence  the  adhefion 
takes  place. 

Leather  fuckers,  which  a£t  precifely  upon  the 
fame  principle,  are  not  unfrequently  feen  in  the 
hands  of  boys  about  the  ftreets  of  London.  A 
circular  piece  of  thick  leather,  about  two  inches  in 
diameter,  has  a firing,  faftened  to  its  centre.  The 
leather  being  previoufly  well  foaked  in  water,  is 
applied  flat  and  dole  to  the  fmooth  furface  of  a 
flone.  The  interpofition  of  a little  water  promotes 
the  adhefion.  Then  the  boy  pulls  up  the  Idling, 
and  the  flone,  if  not  too  heavy,  comes  up  adhering 
to  the  leather. 

The  claws  of  the  polypus  are  furnifhed  with  a 
great  many  fuckers  of  the  like  nature.  The  limpet 
forms  one  fucker  of  its  whole  body,  and  the  fame 
you.  ut  do  thing, 
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thing,  with  little  variation*  is  done  by  various  other 
animals,  efpecially  of  the  infeCt  tribe. 

The  aCtion  of  the  glafs  cup,  which  is  made  to 
adhere  to  the  flefh,  for  the  purpofe  of  bleeding,  de- 
pends upon  the  fame  principle  ; excepting  that  the 
air,  within  the  glafs  cup,  is  rarefied  by  means  of 
heat,  or  by  means  of  a fmall  exhaufting  engine. 

It  is  hardly  needful  to  add,  that  the  limpet  could 
not  adhere  to  the  rock,  nor  could  the  leather  fucker 
adt,  or,  in  Ihort,  that  none  of  thofe  fucking  opera- 
tions could  take  place,  in  vacuo. 

The  principal  advantage  which  is  derived  from 
the  vibratory  movement  of  the  air,  is  the  propa- 
gation of  found,  which  could  not  be  accompliflied 
by  other  means ; for  though  founds  are  conveyed 
by  feveral  other  bodies  better  than  by  air  j yet  in 
common  affairs  odier  bodies  are  neither  to  be 
found,  nor  can  they  be  applied  between  the  found- 
ing bodies  and  our  ears : whereas  the  air,  by  fur- 
rounding  the  whole  earth,  and  whatever  exifts  upon 
it,  is  always  ready  to  convey  founds  of  any  fort,  and 
in  every  direction. 

The  progreffive  motion  of  the  air  is  alio  of  im- 
rnenfe  and  indifpenfable  ufe.  The  winds,  fo  ge- 
neral, fo  frequent,  and  fo  various,  befides  the  more 
obvious  effe&s  of  driving  (hips,  windmills,  &c. 
preferve,  by  mixing,  the  neceffary  purity  of  the  at- 
mofphere.  The  air  is  contaminated  by  animal  re 
fpiration,  by  fermentation,  and  putrefaction  of  ani- 
mal and  vegetable  fubftances,  as  alfo  by  other 
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proceflfes ; on  the  other  hand  it  is  purified  by  ve- 
getation in  certain  circumftances,  by  agitation 
amongft  aqueous  particles,  and  probably  by  other 
means.  Now  it  is  owing  to  the  winds  that  the  im- 
pure portions  of  the  atmofphere  are  mixed  with 
the  more  purified  parts  of  it ; and  that  a proper 
mean  is  preferved.  The  winds  likewife  drive  away 
vapours,  clouds,  fogs,  and  mills,  from  thofe  parts 
in  which  they  are  copioufly  formed,  to  others  which 
are  in  want  of  moiflure;  and  thus  the  whole  furface 
of  the  world  is  fupplied  with  water.  But  it  will  be 
necefiary  to  take  a more  particular  notice  of  what 
relates  to  evaporation  and  rain. 

When  water  is  left  expofed  to  the  ambient  air, 
the  quantity  of  it  will  be  gradually  diminifhed,  and 
after  a certain  time,  the  whole  of  it  will  difappear. 
The  water  in  this  operation  is  reduced  into  an  elaf- 
tic  fluid,  and  is  gradually  difperfed  throughout  the 
air. 

If  a fmall  drop  of  water  be  placed  in  a large  glafs 
bottle  full  of  pretty  dry  air,  the  drop  of  water  will 
difappear  after  a certain  time,  efpecially  if  the  bottle 
be  placed  in  a warm  place.  And  if  afterwards  the 
fame  bottle  be  cooled,  the  water  will  thereby  be  fe- 
parated  from  the  air,  and  may  be  feen  adhering  to 
the  inlide  furface  of  the  bottle. 

Heat  promotes,  and  cold  retards,  evaporation ; 
but  even  a piece  of  ice  has  been  found  to  evaporate, 
and  to  be  diminifhed  in  weight,  whilft  the  atmofphere 
is  a&ually  in  a freezing  Hate. 
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Winds,  or  agitation,  promotes  evaporation. 

If  a quantity  of  water  be  placed  in  vacuo,  viz.  it 
be  placed  under  the  receiver  of  an  air  pump,  in  the 
common  temperature  of  the  atmofphere,  and  the 
air  be  exhaufted,  a very  fmall  portion  of  the  water 
will  expand  itfelf  through  the  receiver,  after  which 
the  quantity  of  water  will  remain  unaltered.  If 
the  pumping  be  continued,  the  water  will  be  dimi- 
ni (lied  a little  more  ; for  as  part  of  the  fleam  is  ex- 
tracted from  the  receiver,  a little  more  fleam  is  fe- 
parated  from  the  water ; but,  upon  the  whole,  the 
water  will  by  this  means  be  diminifhed  in  quantity' 
very  little  indeed.  On  re-admitting  the  air  into 
the  receiver,  the  above-mentioned  vapour  is  again 
condenfed  almofl  entirely  into  water. — Heat  pro- 
motes the  evaporation  in  vacuo. 

Water  then  may  exift  in  air;  1 ft,  in  an  invifible 
Hate,  which  is  the  cafe  when  the  difTolving  power 
of  air  is  confiderable  ; 2dly,  in  a flate  of  incipient 
reparation,  in  which  cafe  it  forms  clouds , mi/ls,  or 
fogs ; 3cily,  and  laftly,  in  a flate  of  aclual  repara- 
tion, in  which  cafe  it  forms  either  rain,  properly  l'o 
called,  or  Jnoiv , or  bail. 

Clouds  are  thofe  well  known  afTemblages  of  va- 
pours that  float  in  the  atmofphere ; have  different 
degrees  of  opacity,  which  arifes  from  their  extent 
and  denfity  ; and  generally  have  pretty  well  defined 
boundaries.  Their  height  above  the  furface  of  the 
earth  (I  mean  not  above  the  mountains)  is  various, 
but  hardly  ever  exceeds  a mile  or  a mile  and  a half. 
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In  hot  weather,  or  hot  climates,  the  clouds,  being  more 
rarefied,  are  lighter,  and  afeend  much  higher  than 
they  do  in  colder  climates,  or  colder  weather  : and 
indeed,  in  cold  weather  the  clouds  frequently  touch 
the  very  furface  of  the  earth  ; for  a fog  may  with 
propriety  be  called  a cloud  dole  to  the  ground. 

A niift  is  a very  indefinite  word.  It  means  ail 
incipient  formation  of  clouds,  or  hazinefs ; and  it 
often  denotes  a very  fmall  rain,  or  a depofition  of 
water  in  particles  lb  fmall  as  not  to  be  vifible 
fingly. 

The Jnovo  is  formed  when  the  atmofphere  is  fo 
cold  as  to  freeze  the  particles  of  rain  as  foon  as  they 
are  formed,  and  the  adherence  of  leveral  of  thole 
particles  to  each  other,  which  meet  and  cling  to 
#ach  other  as  they  defeend  through  the  air,  forms 
the  ufual  fleeces  of  fnow,  which  are  larger,  (fince 
they  are  longer  in  defeending,  and  have  a greater 
opportunity  of  meeting)  when  the  clouds  are  higher 
than  when  they  are  lower. 

The  hail  differs  from  fnow  in  its  confiding  or 
much  more  folid,  and  much  more  defined  pieces  ot 
congealed  water.  It  is  fuppoled  that  the  water,- al- 
ready formed  into  confiderable  drops,  is  driven  and 
detained  a confiderable.  time  through  a cold  region 
of  the  atmofphere,  by  the  wind,  which  almofl 
always  accompanies  a fill  of  haiL  But  the 
globes  of  ice,  or  hail-Jlones , in  a fall  of  hail, 
fometimes  far  exceed  the  ufual  fize  of  the  drops 
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of  rain*j  which  fhews  that  by  the  action  of  the 
wind,  the  congealed  particles  muft  be  forced  to 
adhere  to  each  other  ; and,  in  fact,  though  the 
fmall  hail-ftones  are  more  uniformly  folid  and  glo- 
bular, the  large  ones  a'moft  always  confift  of  a 
harder  nucleus,  which  is  furrou.nded  by  a fofter  fub- 
ftance,  and  fometimes  by  various  diftinft  pieces  of 
ice,  juft  agglutinated.  Their  fhape  is  feldom  per- 
fectly globular. 

If  a vefiel  of  an  uniform  fhape,  and  full  of  water, 
be  expofed  to  the  ambient  air,  and  the  decreafe  of 
water  in  it  be  meafured  at  the  end  of  every  day,  or 
month,  or  year,  or,  in  fhort,  of  any  given  period, 
the  evaporation  which  has  taken  place  through  that 
period  may  be  afcertained}  and  it  is  generally  ex- 
prefied  by  the  number  of  inches  and  tenths  : thus, 
if  it  be  faid  that  the  evaporation  of  a certain  pond  in 
one  month  be  io  inches,  the  meaning  is,  that  io 
inches  depth  of  water  are  evaporated  in  one  month  ; 
or,  that  if  the  water  which  has  been  evaporated  from 
it  in  one  month  might  be  collected  and  placed  in  a 


* Accounts  of  hail-ftones  of  a very  large  fize  may  be  met 
with  in  almoft  all  the  works  of  natural  philofophy,  in  feveral 
periodical  works,  in  accounts  of  voyages,  &c.  I have  been 
allured  by  creditable  eye-witnelTes,  that  in  the  ifland  of 
Sicily  hall-flones  have  fometimes  meafured  more  than  three 
inches  iu  circumference.  Dr.  Halley  gives  an  account  ot 
hail-ftones  that  weighed  5 ounces  each.  Ic  is  no  wonder 
then  that  falls  of  hail  fometimes  demolifil  glalfes,  kill  feveral 
animals,  and  deftroy  fruit,  grain,  &c. 
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veffel  with  draight  up  Tides,  and  having  an  horizontal 
furface  equal  to  the  lurface  of  the  pond,  the  collected 
water  would  fill  10  inches  depth  of  that  veffel. 

IT  a veffel  Tor  meaTuring  the  evaporation  be  left 
long  expofed,  the  1'urTace  of  the  water  will  deTcend  a 
conhderable  way  below  the  edge  oTit,  in  which  cafe 
the  TubTequent  evaporation  would  be  retarded.  This 
indeed  might  be  remedied  by  the  addition  of  certain 
quantities  oT  water  at  dated  times  ; but  there  is  an- 
other inconvenience  attending  it,  which  is,  that  in- 
feeds, dud,  & c.  fall  in  it,  and  thicken  or  cover  the 
water.  Therefore,  the  bed  way  is  to  note  the  eva- 
poration either  every  day,  or  whenever  it  may  be 
convenient,  but  to  clean  the  veffel,  and  to  change 
the  water  in  it  at  fhort  intervals ; for  indance,  once 
a week  at  lead.  A veffel  fit  for  fuch  purpole  ought 
to  have  an  aperture  not  lefs  than  8 or  10  inches  in 
diameter. 

The  quantity  of  evaporation  from  the  furface  of 
the  Tea  or»of  the  land,  has  been  edimated  in  certain 
places  only  by  a fewr  fcientific  perfons ; but  their 
edimates  are  leldom  to  be  depended  upon.  Ge- 
neral deductions,  for  extenfive  tracts,  from  partial, 
frnall,  and  fometimes  equivocal,  experiments,  can- 
not afford  much  fatisfaedion,  efpecially  when  the 
refults  of  the  experiments  difagree  from  each 
other. 

The  quantity  of  evaporation  is  various  in  dif- 
ferent lpots.  The  furface  of  water  furnifhes  upon 
the  whole  the  greated  quantity  of  vapour  j the 
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land  more  or  lefs,  according  as  it  is  marlhy  or 
rocky,  or  covered  with  vegetation,  &c. 

In  hot  climates,  the  evaporation  is  incomparably 
greater  than  in  thole  which  are  colder.  The  eva- 
poration from  places  that  are  much  expofed  to  the 
wind  and  the  fun,  is  likewife  greater  than  from 
other  places. 

It  was  obferved  in  London,  by  Dr.  Halley,  that 
the  evaporation  of  water,  fituated  in  a room,  out  of 
the  influence  of  the  fun  and  of  the  wind,  amounted, 
in  one  year,  to  8 inches.  It  was  his  opinion  alfo, 
that  by  the  influence  of  the  wind,  the  quantity  of 
evaporation  would  have  been  trebled,  and  that  this 
again  would  have  been  doubled  by  the  influence  of 
the  fun.  Upon  the  whole,  he  reckons  the  annual 
quantity  of  evaporation  for  London,  at  48  inches*. 
—Probably  too  great. 

Dr.  Hales  eflimates  the  annual  evaporation  from 
the  furface  of  the  earth  only  in  England  at  6,66 
inches  f. 

Dr.  Dobfon  deduced  from  a mean  of  accurate 
experiments  made  by  himfelf  during  four  years, 
that  the  annual  evaporation  from  the  furface  of 
water  at  Liverpool,  amounts  to  36,78  inches 


* Phil.  Tranf.  N.  212. 

■f  Veg.  Stat.  vol.  I. 

$ Phil.  Tranf.  vol.  67th,  for  1777.  The  quantity  of 
evaporation  for  each  of  the  four  years,  was  as  follows  : 
I772-  35>95  inches;  1773.  34,59  inches;  1774,  36,64 
inches j 1775.  39,96  inches. 
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It  lias  been  calculated,  that  in  one  fmnmer’s 
day,  about  5 280  millions  of  tuns  of  water,  are  pro- 
bably evaporated  from  the  fur  face  of  the  Mediterra- 
nean*. It  has  alfo  been  calculated  (omitting  the 
great  uncertainty  to  which  fuch  calculations  are  lia- 
ble) that  all  the  rivers,  or  at  lead  the  nine  principal 
rivers,  which  difeharge  their  waters  into  the  Medi- 
terranean, do  not  furnifh  more  than  1827  millions 
of  tuns  of  water  per  day  f.  The  deficiency  is  un- 
doubtedly fupplied  by  the  rain,  which  falls  upon 
the  fame  fea,  and  by  the  current  which  is  con- 
ftantly  running  from  the  Atlantic  ocean  into  the 
Mediterranean  through  the  (freights  of  Gibraltar. 

It  may  naturally  be  enquired  by  what  means 
water,  which  is  fo  much  heavier  than  air,  is  con- 
verted into  a fluid  fo  light  as  to  float  in  air;  and 
how  does  it  remain  fufpended  and  dilperfed  there- 
in, fometimes  without  the  lead  tendency  to  fepa- 
ration. 

Various  hypothecs  have  been  offered  in  expla- 
nation of  this  fubjecd ; but  I fhall  not  detain  my 
reader  by  the  account  of  opinions  that  are  always 
infufficient,  and  frequently  abfurd.  The  mod  re- 
markable facts,  which  may  afiift  the  inqtiifitive 
mind  in  the  inveftigation  of  the  fubjeid,  are  as 
follows  : 


* The  vapour  of  fea  water  does  not  take  up  any  faline 
particles. 

Phil.  Tranf  N.  212. 
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If  the  fleam  of  water  be  examined  by  mean3  of 
lenfes  or  microfcopes,  no  regular  bodies  or  confi- 
guration of  particles  will  be  dillinguifhed  in  it. 

There  is  an  evident  attraction  between  water  and 
air,  viz.  the  attraction  of  cohefion  *.  If  a fmall 
bubble  of  air  be  introduced  in  a glafs  veffel  filled 
with  boiled  water,  and  inverted  in  water,  that 
quantity  of  air  will  difappear  in  a day  or  two. 

Heat,  which  diminifhes  the  attraction  of  aggre- 
gation between  the  particles  of  water,  mud  of 
courfe  render  the  attra&ion  between  air  and  water 
more  aftive  ; but,  ceteris  ■paribus , hot  air  is  a better 
folvent  of  water,  than  colder  air.  The  cooling  of 
hot  atmofpherical  air  is  generally  accompanied 
with  a depoficion  of  water,  which,  according  to 
th.e  quantity  of  water  previoufly  contained  in  the 
air,  and  the  greater  or  lefs  alteration  of  temperature, 
affumes  th.e  form  of, mills,  or  clouds,  or  rain  : and 
on  the  other  hand,  the  heating  of  air  is  attended 
with  a diflipation  of  vapour,  and  an  increafe  of 
tranfparency  ; hence,  as  the  fun  rifes,  the  miftinefs 
of  the  night  air,  when  no  other  cireumftance  inter- 


* It  is  impoffible  to  annex  more  appropriate  names  to 
indefinite,  or  unfettled,  ideas.  Certain  it  is,  that  water  will 
abforb  a quantity  of  air,  and  that  air  abforbs  a certain  quan- 
tity of  water  ; and  to  thofe  abforbing  powers  we  give  the 
name  of  aitraSlhn  or  dijfolving  property  \ whether  they  are 
really  owing  to  the  atiraclion  of  cohefion,  properly  fo  called, 
or  not. 
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venes,  is  gradually  diffipated,  and  the  atmofphere ' 
clears  up  ; hence,  in  this  country,  the  foutherly 
and  wefterly  winds,  which  drive  the  air  from  warmer 
climates,  generally  bring  rains  or  mills ; whereas 
the  contrary  effe£l  is  rnoftly  produced  by  northerly 
or  eafberly  winds,  which  bring  the  air  from  colder 
regions.  But  the  fame  change  of  temperature  is 
not  always  accompanied  with  the  fame  dillipation  or 
depofition  of  water  in  the  atmofphere. 

It  has  been  fully  eftablifhed,  by  the  refult  of  a va- 
riety of  experiments,  that  when  water  is  converted 
into  fteam  or  vapour,  it  abforbs  a quantity  of  heat, 
which  is  necelfary  to  its  elaftic  ftate ; (for  the  fteam 
of  water  is  elallic,  viz.  it  may  be  comprefted,  or 
expanded,  by  the  addition  or  diminution  of  pref- 
fure.)  This  quantity  of  heat  is  depofited  when 
fteam  afiumes  the  form  of  water. 

If  you  moiften  part  of  your  hand,  and  then  blow 
upon  it  for  the  purpofe  of  increafing  the  evapora- 
tion, you  will  feel  that  part  of  the  hand  fenfibly 
cooled,  viz.  the  water,  in  its  affuming  the  form  of 
fteam,  robs  the  hand  of  part  of  its  heat.  If  you 
place  your  hand  over  the  fteam  of  boiling  water, 
the  hand  is  much  warmed  by  the  heat  which  the 
fteam  depofits  upon  it  in  its  reaftuming  the  form  of 
water. 

It  is  a common  practice  amongft  failors,  to 
moiften  one  of  their  fingers  by  putting  it  into  the 
mouth,  and  then  to  expofe  it  above  their  head  ; by 
which  means  they  can  tell  which  way  the  wind 

blows  i 
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blows ; for  that  fide  of  the  finger  which  is  expofed 
to  the  wind,  feels  colder  than  the  reft,  the  eva- 
poration on  that  fide  being  promoted  by  the 
wind. 

Befides  the  abforption  of  heat,  the  evaporation  of 
water  (as  has  been  fully  afcertained  by  the  very 
able  Profeffor  Volta),  is  alfo  attended  with  an  ab- 
forption of  eledric  fluid  ; and  on  the  other  hand,  the 
converfion  of  fteam  into  water  is  attended  with  a 
depofition  of  eledric  fluid.  The  experiments, 
which  prove  thofe  fads,  will  be  found  in  the  third 
part  of  thefe  Elements,  in  the  Sedion  for  Elec- 
tricity. 

It  feeins,  therefore,  that  the  formation  of  vapour, 
or  clouds,  or  fogs,  or  rain,  and  fuch  like  pheno- 
mena, depends  upon  the  concurrence  of  all  the 
above-mentioned  circumftances,  and  perhaps  the 
formation  and  duration  of  each  phenomenon  in 
particular  depends  upon  the  various  degrees  of  thofe 
different  circumftances,  which  neceflfary  degrees  are 
by  no  means  known. 

The  moifture  of  the  atmofphere,  or  rather  that 
quantity  of  water  which,  is  not  in  perfed  folution 
with  the  air,  but  has  not  yet  acquired  the  form  of 
water,  is  meafured  by  an  inftrument,  called  the 
by  grander.  The  rain,  or  that  quantity  of  water 

which  falls  from  the  clouds,  or  is  depofited  by  the 
air  in  vifible  drops,  is  meafured  by  means  of 
another  inftrument,  called  the  pluviometer  or  rain- 
2 gage. 
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Thefe  inllruments  will  be  defer  ibed  at  the 

c>  o 

end  of  this  chapter. 

The  rain,  which,  as  has  been  faid  above,  confifts 
of  the  water  that  has  been  exhaled  from  the  furface 
of  the  terraqueous  globe,  either  falls  in  very  fmall 
particles  of  little  gravity,  in  which  cafe  it  is  more 
properly  called  dew*,  or  mijl  or  fog-,  or  elfe  it  falls 
in  larger  drops  of  various  fizes,  in  which  cafe  it  is 
properly  called  rain. 

When  the  clouds  are  near,  as  is  moftly  the  cafe 
in  the  winter  feafon,  or  upon  mountains,  the  drops 
of  rain  are  fmall,  not  having  time  lufficient  to  join 
and  to  grow  large.  But  when  the  clouds  are  very 
high,  as  is  the  cafe  in  the  fummer  feafon,  or  in  hot 
climates,  the  drops-  are  much  larger,  and  the  rain 
very  copious.  A rain-gage,  placed  upon  the  fur- 
face  of  the  earth,  receives  a greater  quantity  of 
rain  in  the  fame  time,  than  a fimilar  gage,  which 
is  fituated  higher  up.  A few  feet  difference  of 
perpendicular  altitude  make  a confiderable  dif- 
ference f.  The  quantity  of  rain  is  exprelfed  by 
inches  and  tenths ; thus,  if  it  be  faid  that  20,3 
inches  of  rain  fell  in  one  year  in  London,  the 
meaning  is,  that  if  the  furface  of  London  had 


* The  dew,  properly  fpeaking,  is  that  moiflure  which 
falls  during  the  abfence  of  the  fun,  and  without  the  necefl.iry 
prefence  of  clouds. 

-j-  See  the  Phil.  Tranf.  vol.  59th,  art.  47.  and  vol.  67th. 
p.  255. 

been 


41 4 A general  View  of  the 

been  perfectly  flat,  and  nil  the  rain  that  fell  upon  k 
throughout  that  year,  had  remained  upon  it  with- 
out evaporation,  draining,  or  abforption,  the  depth 
of  it  would  have  amounted  to  20,3  inches.  There- 
fore, if  a vefTel  open  at  top,  and  having  ftraight 
up  fides,  be  expofed  to  the  ntmofphere  fo  as  to 
receive  the  rain,  and  is  fo  conftrufted  as  to  prevent 
evaporation  ; the  depth  of  water  accumulated  in 
that  velfel,  will  lhew  the  quantity  of  rain  for  the 
adjacent  country,  and  the  vefiel  itfelf  is  a rain- 

gage. 

The  quantity  of  rain  which  falls  daily  or  an- 
nually in  various  parts  of  the  world,  has  been,  and 
is,  frequently  meafured  and  regiftered ; but  it 
might  be  wifhed  that  fuch  observations  were  infti- 
tuted  in  a great  many  more  places  ; for,  confidering 
how  unequal  and  partial  rains  are,  we  mud  con- 
clude, that  the  indication  of  a rain-gage  will  ierve 
for  no  great  extent  of  circumjacent  country. 

The  rains  on  the  vicinity  of  hills  or  mountains, 
or  forefls,  are  generally  more  copious  than  in  other 
places.  In  feveral  places,  efpecially  within  the  tor- 
rid zone,  the  rain  is  feldom  feen.  It  has  been  af- 
ferted,  as  a real  though  lingular  fa£t,  that  it  never 
rains  in  the  kingdom  of  Peru;  but  that  during  part 
of  the  year  the  atmofphere  over  the  whole  country 
is  obfeured  by  thick  fogs,  called  garuas  *. 


* D’Ulloa’s  Voyage  to  South  America,  vol,  II.  p.  69. 
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A rain-gage  is  kept  expofed  over  the  apartments 
of  the  Royal  Society  in  London,  and  its  contents 
are  noted  frequently.  It  appears  from  that  regifter, 
that  a mean  of  the  annual  quantity  of  rain  ,in  Lon- 
don amounts  to  little  more  than  21  inches,  but  a 
confiderable  inequality  exifts  between  the  quantities 
for  the  Single  years ; for  Sometimes,  as  in  the  year 
1791,  the  quantity  of  rain  is  about  15  inches,  and 
at  other  times,  as  in  the  year  1774,  as  aifo  in 
1779,  the  ra^n  amounts  to  26  inches  and  up- 
wards. 

At  Upminfter,  in  Effex,  the  annual  average  of 
rain  is  19,14. 

At  Liverpool  it  is  37,43  inches. 

At  Townley,  in  the  neighbourhood  of  the  hills 
which  divide  Lancalhire  and  Yorkshire,  it  is  41,516 
inches. 

At  Lyndon,  in  Rutland,  it  is  24,6  inches. 

At  Dublin,  in  Ireland,  it  is  about  22,25  inches. 

At  Paris,  the  annual  average  is  20,19  inches. 

At  Lille,  in  France,  it  is  24  inches. 

At  Zuric,  in  Swifl'erland,  it  is  32,25  inches. 

At  Pifa,  in  Italy;  it  is  43,25  inches. 

“ The  annual  quantity  of  rain,”  as  Dr.  Dobfon 
juftly  obferveSy  <c  is  a very  uncertain  teft  of  the 
“ moifture  or  drynefs  of  any  particular  feafon, 
“ fituation,  or  climate.  There  may  be  little  or 
“ even  no  rain,  and  yet  the  air  be  conftantly  damp 
f<  and  foggy  ; or  there  may  be  heavy  rains,  with 

“ a com- 
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" a comparatively  dry  Hate  of  the  atmofphere. 
“ The  fame  depth  of  rain  will  likewife  produce 
“ different  effects  on  the  air,  according  as  it  falls 
“ upon  a flat  or  hilly  country;  for  large  quantities 
“ foon  quit  the  hills,  or  high  grounds,  while 
“ fmaller  quantities  have  more  lading  and  pow- 
“ erful  effects  on  a flat  country.  Much  alfo  de- 
*c  pends  upon  the  nature  of  the  foil,  whether  clay 
“ or  fand,  whether  firm  or  compatt,  or  loofe  and 
“ fpongy.” 

“ Is  not  evaporation,  therefore,  a more  accurate 
M teft  of  the  moifture  or  drynefs  of  the  atmofphere, 
“ than  the  quantity  of  rain  * ?” 

But  if  it  be  confidered  that  the  evaporation  from 
the  furface  of  water  only,  is  far  different  from  the 
evaporation  from  the  diverflfied  furface  of  a coun- 
try ; the  uncertainty  of  the  latter  method  will  appear 
equally  great. 

The  hygrometer  fhews,  that  in  general  the 
moiflure  of  the  atmofphere  is  greater  in  low  fitua- 
tions,  than  in  more  elevated  places : but  the  mod 
remarkable,  and  at  the  lame  time  the  mod  unac- 
countable, part  of  the  fubjedt  is,  that  fometimes, 
(as  has  been  obferved  by  fcientific  perfons)  on 
mountains  and  other  elevated  fituations,  whild  the 
thermometer  is  dationary,  and  the  hygrometer 
fhews  a confiderable  degree  of  adtual  and  even 
increafing  drynefs,  clouds  are  quickly  formptl, 
and  often  a copious  rain  fucceeds  ; whereas. 


at 


* Phil.  Tranf.  voh  67th.  p,  244. 
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at  other  times,  a thick  or  clouded  atmofphere 
quickly  clears  up,  and  that  without  any  apparent 
caufe. 

It  Teems  as  if  the  vapour  of  water  changed  its 
nature  by  being  difperfed  through  the  atmofphere. 
But  we  are  certainly  ignorant  of  that  particular  dif- 
pofition  in  the  atmofphere,  which  produces  fo  great 
a change.  We  find,  for  inftance,  that  clouds  of 
immenfe  extent,  fometimes  rife  from  the  horizon ; 
that  inftead  of  being  driven  by  the  exifting  wind, 
they  adtually  change  its  direction ; that  other  clouds 
are  quickly  formed.  A great  ftorm  enfues ; the 
rain  is  abundant ; every  thing  acquires  a confidera- 
ble  degree  of  frioifture ; yet  an  hour  after,  the  fe- 
rcnity  of  the  air  is  reftored,  and  the  natural  procefs 
of  evaporation  becomes  as  vigorous  as  ever. 

The  quantity  of  evaporation  from  the  land  is, 
in  general,  much  lefs  than  the  rain  which  falls  upon 
the  fame  ; whereas,  from  the  furface  of  the  fea, 
lakes  and  rivers,  the  evaporation  exceeds  the 
rain.  The  like  difference  does  alfo  exift  between 
cold  and  warm  climates.  But  the  adtion  of  the 
winds,  and  the  running  of  the  fuperfluous  rain- 
water from  the  land  again  into  the  fea,  compenfates 
the  deficiencies,  and  keeps  up  a ufeful,  neceffary, 
and  admirable  circulation. 

We  fliall  now  endeavour  to  explain  the  princi- 
ple and  conftrudtion  of  hygrometers,  as  alfo  of 
the  rain-gage. 

It  has  already  been  fhewn,  that  in  virtue  of 
vol.  ii.  ' ee  the 
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the  attra&ion  of  cohefion  or  capillary  attraction, 
various  fubftances  are  capable  of  abforbing  moiflure 
into  their  pores,  or  at  leaft  of  holding  it  attached 
to  their  furface.  If  then  the  air  contain  a quantity 
of  moifture,  and  a certain  other  dry  fubftance  has 
a greater  attraction  towards  water  than  air  has, 
then  the  moifture  will  quit  the  air,  and  will  attach 
itfelf  to  that  other  fubftance  ; in  confequence  of 
which  that  other  fubftance  will  be  enlarged  in  its 
dimenfions,  or  will  be  increafed  in  weight.  Now 
by  meafurmg  the  diminifhed  or  increafed  dimen- 
fions, or  the  increafed  or  diminifhed  weight  of  that 
other  fubftance,  at  different  times,  we  acquire  a 
knowledge  of  the  quantity  of  water  which  has  been 
depofited  or  abforbed  by  the  air  at  thole  times. 
The  inftrument  in  which  a fubftance  fit  for  this 
purpofe  (called  an  hygrofcopic  body)  is  fo  fituated 
as  to  Ihew  a very  finall  alteration  of  its  length, 
or  weigh',  is  called  an  hygrojcope  or  hygrometer . 

A vaft  number  of  animal,  vegetable,  and  mi- 
neral fubftances  are  fufceptible  of  thofe  alterations, 
but  moll:  of  them  are  far  from  being  fit  for  fuch  an 
inftrument.  The  twifted  fibres  of  wild  oats,  a 
fea-weed,  halted  firings  pieces  of  deal  cut  acrofs 
the  grain,  a piece  of  cat-gut  firing,  &c.  are  com- 
monly ufed  as  indicators  of  moifture  or  drynefs ; 
but  fuch  fubftances  are  not  fit  for  philofophical  pur- 
pofes  ; for  they  are  unequal  in  their  aCtions  j their 
power  of  abforbing  water  increafes  or  decreafes, 
and  fometimes  entirely  ceafes  in  procels  of  time  ; 

and 
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and  very  feldom  two  inftruments,  that  are  furnifhed 
with  fuch  fubftances,  can  be  compared  together. 

Mr.  De  Luc,  and  Mr.  De  Sauflure,  both  gen- 
tlemen of  great  knowledge  and  ingenuity,  have 
examined  a vaft  number  of  hygrofcopic  fubflances 
in  a great  variety  of  circumftances  ; and,  upon  the 
whole,  the  latter  of  thole  gentlemen  found  reafon 
to  prefer  a hair*  ; whilft  the  former  prefers -a  very 
fine  flip  of  whale-bone  cut  acrofs  the  grain.  Either 
of  thofe  fubftances  is  to  be  placed  in  a proper  frame, 
which  fhews  their  elongations  or  contractions  to  a 
very  minute  quantity  ; the  inftrument,  or  at  lead: 
that  part  of  it  which  holds  the  hygrofcopic  fub- 
ftance,  is  placed  in  water,  which  extends  the  lub- 
ftance  to  the  utmoft,  and  the  point  where  the  ex- 
tremity of  the  fubftance  reaches,  is  marked  upon 
the  inftrument,  and  is  called  the  point  of  extreme 
vioifture.  Then  the  inftrument  is  removed  from 
the  water,  and  is  placed  into  a large  veil'd  almoft 
full  of  unflacked  quick- lime,  wherein  it  is  kept  for 
a few  days;  for  as  quick-iime  has  a confiderable 
property  of  abforbing  water  copioufly  but  flowly, 
the  air  in  that  veffel  is  very  dry,  anti- its  degree  of 
drynefs  is  conftantly  the  fame  during  feveral  months, 
notwithftanding  the  opening  of  the  veil'd,  which 
muft  take  place  for  putting  in  or  taking  out  the 
hygrometers.  By  this  means  the  point  of  greatejl 


* See  his  Work  on  Hygrometers,  2 vols.  quarto. 
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drynejs  is  obtained.  Then  the  diftance  between 
this  point  and  the  point  of  greatefl  moifture,  is  di- 
vided into  one  hundred  parts,  and  thofe  parts  are 
called  the  degrees  of  the  hygrometer,  or  the  degrees 
of  moifture  *. 

Thofe  two  forts  of  hygrometers  are  tolerably 
uniform,  and  pretty  quick  in  their  a£lion.  Two 
or  more  of  them  are  alfo  comparable  within  a fmall 
difference.  As  upon  the  whole  it  appears  that 
Mr.  De  Luc’s  hygrometer  has  fome  advantages 
over  that  of  Mr.  De  Sauffure’s,  I fhall  therefore 
deferibe  it  in  Mr.  De  Luc’s  own  words.  See  fig. 
i.  of  Plate  XV. 

Thofe  inftruments  may  be  made  of  various  fizes, 
but  they  are  moftly  made  of  about  twice  the  fize 
of  the  figure. 

“ Their  frame  will  fufficiently  be  known  from 
“ the  figure;  therefore  I fhall  confine  myfelf  to 
“ the  defeription  of  fome  particulars.  The  flip  of 
“ whale-hone  is  reprefented  by  a h , and  at  its  end 
<£  a is  feen  a fort  of  pincers,  made  only  of  a flattened 
tc  bent  wire,  tapering  in  the  part  that  holds  the 
“ flip , and  prefled  by  a Aiding  ring.  The  end  h 
*f  is  fixed  to  a ncjoveable  bar  c,  which  is  moved  by 
<f  a ferew  for  adjufting  at  firft  the  index.  The  end  a 
ic  of  the  flip  is  hooked  to  a thin  brafs  wire ; to 


* From  the  point  of  greateft  drynefs  to  that  of  greateft 
moifture,  a flip  of  whale-bone  will  be  increafed  about  one- 
cighth  of  its  length. 
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ct  the  other  end  of  which  is  alfo  hooked  a very  thin 
filver  gilt  lamina , that  has  at  that  end  pincers  fimi- 
fC  lar  to  thofe  of  the  Jlip , and  which  is  fixed  oy  the 
“ other  end  to  the  axis,  by  a pin  in  a proper 
“ hole.  The  fpring,  d,  by  which  the  Jlip  is  flretch- 
* ed,  is  made  of  filver-gilt  wire ; it  aCts  on  the  Jlip 
tc  as  a weight  of  about  12  grains,  and  with  this  ad- 
cc  vantage  over  a weight  (befides  avoiding  fome 
<c  other  inconveniencies)  that,  in  proportion  as  the 
e<  Jlip  is  weakened  in  its  lengthening,  by  the  pene- 
tc  tration  of  moifture,  the  Jpring , by  unbending  at 
tc  the  fame  time,  lofes  a part  of  its  power.  The 
*c  axis  has  very  fmall  pivots,  the  JJooulders  of  which 
<c  are  prevented  from  coming  againft  the  frame,  by 
tc  the  ends  being  confined,  though  freely,  between 
ct  the  flat  bearings  of  the  heads  of  two  Jcrews , the 
“ front  one  of  which  is  leen  near  /.  The  feCtion 
of  that  axis,  of  the  fize  that  belongs  to  a flip  of 
<f  about  8 inches,  is  reprefented  in  fig.  2.  j 'the 
,c  Jlip  a6ts  on  the  diameter  a a}  and  the  Jpring  on  the 
*f  fmaller  diameter  b h *. 

After  an  afliduous  and  judicious  ufe  of  hygrome- 
ters, made  in  the  courfe  of  20  years  and  upwards, 
Mr.  De  Luc  formed  fome  very  ufeful  deductions, 
which  I fhall  fubjoin  in  his  own  words. 

“ From  thofe  determinations  in  hygrometry , 
" fome  great  points  are  already  attained  in  hygrologyf 


* De  Luc’s  Paper  in  the  Phil.  Tranf.  vol.  81ft.  part  II. 
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“ meteorology;  and  chemiftry,  of  which  I fhall 
“ only  indicate  the  mod  important.  ift.  In  the 
“ phenomenon  of  dew , the  grafs  ofte'n  begins  to 
“ be  vet,  when  the  air  a little  above  it  is  Hill  in  a 
“ middle  date  of  moijlure ; and  extreme  moifture  is 
“ only  certain  in  that  air,  when  every  folid  expofed 
“ to  it  is  wet,  sdly.  The  maximum  of  evaporation, 
“ in  a dole  fpace,  is  far  from  identical  with  the 
“ maximum  of  moifture ; this  depending  confiderably, 
“ though  with  the  conftant  exigence  of  the  other, 
“ on  the  temperature  common  to  the  fpace  and  to 
“ the  water  that  evaporates.  3<dly.  The  cafe  of 
“ extreme  moifture  exifting  in  the  open  tranlparent 
<c  air,  in  the  day,  even  in  the  time  of  rain,  is  ex- 
“ tremely  rare  : I have  obferved  it  only  once,  the 
“ temperature  being 3 90.  4thly.  The  air  is  dryer  and 
“ dryer,  as  we  afeend  in  the  atmofphere ; fo  that  in 
“ the  upper  attainable  regions,  it  is  conftantly  very 
“ dry,  except  in  the  clouds.  This  is  a fa6t  certified 
“ by  Mr.  De  Sauflure’s  obfervations  and  mine. 
“ 5tnly.  If  the  whole  atmofphere  palled  from  ex- 
(C  treme  drynefs  to  extreme  moifture,  the  quantity  of 
“ water  thus  evaporated  would  not  raife  the  ba- 
“ remeter  as  much  as  half  an  inch.  6thlv.  Lafclv, 
<l  in  chemical  operations  on  airs , the  greateft 
“ quantity  of  evaporated  water  that  may  be  fup- 
“ poled  in  them,  at  the  common  temperature  of 
‘c  the  atmofphere,  even  if  they  were  at  extreme 
“ moifture,  is  not  fo  much  as  T ^ — part  of  their 
“ mafs.  Thcfe  two  laft  very  important  propo- 
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fc  fitions  have  been  demonftrated  by  Mr.  De 
« SaufTure*.” 

The  mean  height,  for  the  whole  year,  of  De 
Luc’s  hygrometer,  expofed  to  the  atmofphere  in 
London,  is  about  79  degrees.  It  mud,  however, 
be  obferved,  that  hygrometers  of  every  fort,  even 
the  above  defcribed  one  of  Mr.  De  Luc,  are  very 
liable  to  be  fpoiled  by  long  expofure  as  dull, 
fmolce,  infetts,  &c.  are  apt  to  adhere  to  them  i 
in  which  cafe  their  rate  of  going,  or  fenfibility,  is 
altered  confiderably.  The  proper  a<ftion  of  De 
Luc’s  hygrometer  may,  in  fome  meafure,  be  pre- 
ferved,  by  now  and  then  placing  the  inftrument  in 
water,  and  gently  cleaning  the  furface  of  the  whale- 
bone flip,  by  means  of  an  hair-pencil. — A fteadier 
and  more  durable  hygrometer  is  ftill  a defideratum 
in  natural  philofophy. 

Evaporation  generates  cold,  and  the  quicker  the 
evaporation  takes  place,  the  greater  is  the  cold 
which  is  produced:  therefore,  if  the  bulb  of  a 
thermometer  be  juft  moiftened,  and  then  be  ex- 
pofed to  the  air,  the  mercury  will  defcend  lower 
when  the  evaporation  is  performed  quicker,  and 
vice  verja.  Upon  this  principle  Mr.  Leflie  has 
conftru&ed  an  inftrument,  which  fhews  the  quick- 


* De  Luc’s  Paper  in  the  Phil.  Tranf.  vol.  Sift,  part  I. 
See  alfo  his  Paper  on  Evaporation  in  the  Phil.  Tranf.  for 
the  year  1792,  part  II.  for  farther  illuftration  of  the  fubjeft 
©f  Hygrometry, 
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nefs  of  evaporat.on.  The  inventor  call-  it  an 
hygrometer ; but  the  quicknefs  of  evaporation 
does  not  indicate  the  moifture  of  the  air  in  all 
cafes  *. 

i i « . , 

The  principle  of  the  rain-gage  has  already  been 
fhewn  in  page  414.  The  rain-gage  which  is 
moltly  ufed,  is  delineated  in  fig.  3.  of  Plate  XV. 
It  is  an  hollow  veflel,  of  tined  iron  plates,  japanned 
infide  and  out.  The  whole  machine  confifts  of 
three  parts.  A B C D is  a cylindrical  veifel,  to 
she  aperture  of  which  the  funnel  F E x is  nicely 
fitted.  The  upper  part  of  the  funnel  has  an  edge 
of  brafs,  which  is  perpendicular  to  the  horizon,  as 
is  fufficiemly  indicated  by  the  figure. 

This  gage,  when  expofed  to  the  atmofphere,  re- 
ceives the  rain  which  goes  through  the  aperture  x 
of  the  funnel,  into  the  receiver  ABCD;  out  of 
which  it  cannot  evaporate,  either  out  of  the  joint 
A D,  which  is  very  clofe,  or  out  of  the  hole  x , 
which,  befides  it  being  fmall,  is  partly  occupied 
by  the  meafuring  rod.  The  meafuring  rod  GH  is 
fattened  to  an  hollow  float  H,  of  japanned  tin  plates, 
which  floats  upon  the  water ; and  as  the  water  fills 
the  cylindrical  veflel  A DBC,  lo  the  float  is  railed, 
and  part  of  the  meafuring  rod  comes  out ; and  the 
divifions  of  the  rod,  which  arc  out  of  the  funnel, 


# See  die  defeription  of  this  Hygrometer  in  Nicholfon’s 
Journal,  vol.  II.  p.  461. 
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ihevv  the  quantity  of  water  which  is  in  the  cylindri- 
cal veflel. 

With  refpeft  to  the  divifions  of  the  rod,  it  mud 
be  cbferved,  that  when  the  edge  of  the  funnel  and 
the  cylindrical  veflel  are  of  the  fame  diameter,  then 
the  divifions  of  the  rod  muft  be  only  inches  and 
tenths,  in  order  to  Ihew  the  quantity  of  rain  in 
inches  and  tenths  ; but  when  the  diameter  of  the 
cylindrical  veflel  is  lefs  than  that  of  the  edge  F E, 
then  the  divifions  muft  be  longer,  becaufe  an  inch 
depth  of  rain,  in  an  area  of  a certain  diameter,  will 
be  more  than  an  inch  depth  in  an  area  fmaller  than 
that. — Thofe  gages  are  made  of  various  fizes,  and 
the  divifions  of  the  meafuring  rod  are  made  fo  as 
to  indicate  the  inches  of  rain  that  would  be  accu- 
mulated in  a cylindrical  veflel  whofe  diameter 
equalled  the  diameter  of  the  brafs  edge  F E. 

A crofs-bar  with  a locket,  through  which  the 
meafuring-rod  pafles,  may  be  feen  wichin  the  funnel. 
This  ferves  to  render  the  divifions  of  the  meafuring 
rod  more  legible.  When  no  water  is  contained  in 
the  gage,  and  of  courfe  the  float  refts  upon  the 
bottom  B C,  then  the  o,  or  the  beginning  of  the 
divifions  of  the  rod  is  even  with  the  upper  part  of 
the  above-mentioned  crofs-bar. 
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CHAFTE  R ^IV. 


THE  DESCRIPTION  OF  THE  PRINCIPAL  MACHINES, 
WHICH  DETEND  UPON  THE  F OR  EGO  I N (SUBJECTS 
OF  FLUIDS. 


Y N laying  down  the  theory  of  fluids,  both  elaftic 
A and  non  elaftic,  I have  defcribed  as  few  ma- 
chines, and  thofe  of  as  Ample  a conftruction,  as  the 
nature  of  the  fubjeCt  could  admit  of.  This  I have 
done,  in  the  firft  place,  for  the  purpofe  that  the  rea- 
der might  not  conlder  the  knowledge  of  fuch  fub- 
jeCts  as  unattainable,  without  the  ufe  of  coftly  ma- 
chines; and,  fecondly,  that  the  connection  of  the 
theoretical  reafoning  might  not  be  interrupted  by 
the  introduction  of  long  and  complicated  de- 
i'criptions. 

But  it  is  now,  however,  neceflary  to  explain  the 
conftruCtion  and  the  ufe  of  thofe  machines  which 
have  been  contrived  for  the  purpofe  either  of  mea- 
furing,  or  of  elucidating,  or,  laftly,  of  applying  to 
our  purpofes,  the  mechanical  properties  of  fluids. 
And  here  we  (hall  beftow  our  attention  more  on 
the  principles  than  upon  the  variety  of  fuch  ma- 
chines. 
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T'hc  Syphon , or  Crane. 


A tube  of  glafs,  or  metal,  or  other  folid  fub- 
liance,  open  at  both  ends,  and  bent  like  the  re- 
prefentation  of  fig.  4.  Plate  XV.  is  called  a 
fyphon  or  crane>  and  is  commonly  uled  for  decant- 
ing liquors  from  one  veffel  into  another.  It  is  an 
indifpenfable  requifite  in  the  conftruCtion  of  this  in- 
ftrument,  that  the  perpendicular  altitude  of  the 
difeharging  leg  A B,  be  greater  than  that  of  the 
fucking  leg  A C,  (reckoning  from  A to  the  furface 
of  the  liquor,  in  which  the  leg  AC  is  immerfed). 
Then,  when  the  aperture  C is  in  the  liquor,  if,  by 
applying  the  mouth  at  E,  and  fucking  the  air  out 
of  the  fyphon,  its  cavity  be  filled  with  the  liquor  ; 
on  removing  the  mouth,  the  liquor  will  run  out  of 
the  aperture  B,  and  will  continue  to  run  as  long  as 
you  continue  to  fupply  the  veffel  F with  fluid,  or 
as  long  as  the  furface  of  the  fluid  in  the  veffel 
F remains  higher  than  the  level  of  the  aper- 
ture B. 

The  caufe  of  this  effeCt  is  the  prefliire  of  the  at- 
mofphere  for  when  the  fyphon  is  full  of  liquor,  the 
prefliire  of  the  atmofphere  at  B and  C keeps  the 
liquor  up  in  the  legs  of  the  fyphon  ; and  that  pref- 
&re  is  partly  counteracted  by  the  perpendicular  al- 
titudes of  the  liquor  in  thofe  legs  ; but  that  coun- 
teraction is  lefs  at  C than  at  B,  becaufe  the  perpen- 
dicular altitude  A C is  lefs  than  A B ; therefore 
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the  atmofphere  preffing  at  C,  or  (which  is  the  fame 
thing)  on  the  furface  of  the  liquor  in  the  vefiel  F, 
more  than  at  B,  forces  the  liquor  to  run  through 
the  fyphon. 

It  is  evident  that  it  is  immaterial  whether  the 
diameters  of  the  two  legs  be  equal  or  not,  pro- 
vided the  difparicy  be  not  fo  great  as  to  introduce 
the  obftrudion  from  capillary  attraction,  &c. — 
Whether  the  legs  be  bent  in  various  directions  or 
not,  is  alio  immaterial ; provided  the  perpendicular 
altitude  of  the  difcharging  leg  be  greater  than  that 
of  the  other. 

It  is  alfo  evident,  from  the  theory,  that  the 
crane  cannot  act  if  the  perpendicular  altitude  of  its 
legs  exceed  3 2 feet  or  thereabout.  Nor  can  a fyphon 
ad  in  vacuo. 

The  belt  fyphons  that  are.  at  prefent  in  life  for 
decanting  liquors,  have  certain  appendages  which 
render  their  ufe  more  commodious.  Fig.  5.  of 
Plate  XV.  reprefents  one  of  the  belt  conftruc- 
tion.  It  has  a ftop-cock  D at  the  difcharging  aper- 
ture, and  a fmall  tube  which  runs  along  the  outfide 
of  that  leg,  and  communicates  with  the  cavity  of 
that  leg  juft  above  the  ftop-cock.  When  the  aper- 
ture C is  fituated  within  the  liquor,  the  ftop-cock 
is  clofed,  and  the  mouth  which  fucks  the  air  out, 
See.  is  applied  at  E.  Some  of  thole  fyphons  have 
no  ftop-cock,  in  which  cafe  the  aperture  B muft  be 
clofed  by  the  application  of  a finger,  whilft  the  air 
is  flicking  Out  at  Fw 
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If  feveral  threads  of  cotton,  a bunch  of  grafs,  or 
fome  fimilar  fubdance,  be  placed  partly  in  a glafs  of 
water,  and  the  other  part  (being  the  longed  of  the 
two)  be  left  hanging  out  of  the  glafs,  as  is  fhewn  in 
fig.  15.  of  Plate  XI.  j the  cotton  or  other  fubdance  will 
gradually  abforb  the  water,  in  virtue  of  the  capillary 
attraction  ; and  w’hen  the  whole  is  moidened  diffi- 
dently, the  cotton,  or  other  fubdance,  will  aft  as  a 
fyphon,  and  the  water  will  keep  dropping  out  of 
the  external  part  of  it. 

A little  machine,  called  Tantalus's  cup , afts 
upon  this  principle,  and  its  condruftion  is  as 
follows  : 

There  is  a hole  quite  through  the  bottom  of  a 
cup  A.  Fig.  6.  Plate  XV.  and  the  longer  leg  of 
a fyphon  D E B G is  cemented  into  the  hole,  fo 
that  the  end  D of  the  fhorter  leg  D E may  almod 
touch  the  bottom  of  the  cavity  of  the  cup.  Now 
if  water,  or  other  liquor,  be  poured  into  the  cup, 
the  water  will  rife  into  the  leg  D E of  the  fyphon, 
as  it  does  in  the  cup,  and  will  drive  the  air  from 
that  leg  through  the  longer  leg  E G;  but  when  the 
water  has  reached  the  upper  part  F of  the  fvphon, 
it  will  not  only  run  down  and  fill  the  other  leg 
F G,  but  it  will  keep  running  out  at  Q,  until  the 
cup  is  quite  emptied  A little  figure  is  fometimes 
placed  over  the  fyphon  DFB,  with  the  mouth 
open  a little  above  p',  which  figure  conceals  the 
fyphon,  and  reprefents  Tantalus,  who  is  depriv- 
ed of  the  water,  when  the  water  has  rifen  fo 

high 
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high  within  the  cup,  as  nearly  to  reach  h»s 
mouth. 

The  rcafon,  which  principally  induced  me  to 
delcribe  the  above-mentioned  cup,  is,  that  its 
action  explains  a curious  natural  phenomenon,  viz. 
that  of  intermitting  or  reciprocating  fprings,  called  alfo 
ebbing  and  flowing  wells. 

There  are  certain  fprings  or  dreams  of  water 
which  ifiue  out  of  rocks,  and  are  rather  copious  for 
a certain  time,  then  dop,  and,  after  a certain  pe- 
riod, come  out  again.  The  intermitting  period  is 
various,  but  fometimes  it  is  very  regular.  The 
origin  of  thofe  fprings  is,  with  great  probability, 
owing  to  the  following  conformation,  or  to  fome- 
thing  fimilar  to  it. 

A A,  fig.  19.  Plate  XV.  reprefents  the  per- 
pendicular fedlion  of  a hill,  within  which  is  a cavity 
B B,  and  from  this  cavity  a natural  channel  runs 
in  the  direction  BCDE,  forming  a natural  fyphon. 
The  rain  water,  which  delcends  from  the  upper 
part  of  the  hill  through  various  fmall  crevices, 
G,  G,  G,  gradually  fills  the  cavity  B B,  as  alfo 
the  part  B C of  the  channel,  or  fhorter  leg  of  the 
fyphon  j but  when  the  wrater  gets  above  the  level 
of  C,  then  a dream  will  run  through  the  channel, 
and  out  of  it  at  E,  until  the  cavity  B B,  as  alfo  the 
channel  BCDE  is  quite  emptied  ; it  being  fup- 
pofed  that  the  draining  of  the  water  through  the 
crevices  G,  G,  G,  cannot  fupply  the  cavity  B B, 
fo  fad  as  it  is  drained  by  the  channel  BCDE. 

Then 
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Then  the  flow  of  water  at  E (lops,  until  fo  much 
water  is  again  accumulated  in  the  cavity  B3,  as  to 
reach  the  level  of  C,  at  which  time  the  ftream  re- 
appears at  E;  and  fo  on. 

1 The  JVater  Pump. 

There  are  feveral  forts  of  pumps  for  drawing 
water  out  of  wells,  fprings,  & c. ; but  they  may  be 
reduced  to  two  forts,  viz.  the  common  pump,  ge- 
nerally called  the  fucking  pump , and  the  forcing 
pump. 

Fig.  15.  Plate  XV.  reprefents  a pump  of 
the  firft  fort.  AB  is  a cylindi  ical  pipe  open  at 
both  ends,  the  lower  of  which  is  immerfed  in  the 
water  of  the  well,  &c.  Towards  the  lower  part, 
as  at  C,  there  is  a ftopper  with  a hole  and  a valve, 
which  opens  upwards  when  any  fluid  puflies  it 
from  below,  but  is  clofed  by  any  fuperincumbent 
force*.  In  the  upper  part  of  the  tube  there  is  a 

pifton 


* A valve  is  a piece  of  mechanifm,  that  belongs  almoft 
to  all  forts  of  hydraulic  and  pneumatic  engines.  Valves  are 
made  of  different  forts,  of  which  however  the  following  are 
the  principal. 

Fig.  12.  Plate  XV.  reprefents  a (topple,  with  an 
oil  nik  valve;  viz,  a narrow  flip  of  oil  filk  is  ftretched 
over  the  upper  flat  part  of  the  (topple,  fo  as  to  cover  the 
central  hole ; and,  being  turned  over  the  edge,  is  tied  fad 

round 
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pifton  D,  faftened  to  the  handle  or  rod  E,  which 
generally  is  an  iron  rod.  The  pifton  confifts  of  a 
piece  of  wood,  nearly  equal  to  the  diameter  of  the 
cavity  of  the  pump ; but  being  covered  over  its 
cylindrical  part  with  leather,  it  fits  pretty  tightly 
the  cavity  of  the  pump.  In  this  pifton  there  is  a 
hole  and  another  valve,  like  the  one  at  C,  which 
alfo  opens  upwards.  The  adtion  of  pumping 
confifls  in  alternately  moving  the  pifton  a certain 
way  up  and  down,  by  which  means  the  wate-r 
afcends  through  the  pump,  and  comes  out  of  its 
upper  aperture,  or  out  of  the  fpout  F,  when  the 
upper  part  of  the  pump  is  furnilhed  with  fuch 
veffel  and  fpout  as  is  fliewn  in  the  figure.  The 
adtion  of  this  pump  depends  upon  the  gravity  or 
preflure  of  the  atmofphere ; hence  it  could  not 
ipoftibly  adt  in  vacuo. 


round  the  ftopole,  as  is  indicated  by  the  figure.  In  fig.  13, 
a flat  and  thick  piece  of  leather  is  adapted  to  the  upper  flat 
part  of  a Hopple,  fo  as  to  cover  the  central  hole.  It  has  a, 
little  prolongation  on  one  fide,  which  is  fattened  to  the 
Hopple  by  means  of  a nail  or  fcrew,  and  a piece  of  lead 
is  fattened  to  the  upper  part  of  the  leather,  in  order  to  let 
it  lay  flat  upon  the  hole.  In  fig.  14,  the  central  hole  is 
made  a little  conical  at  its  upper  part,  and  is  fhut  up  by  a 
conical  piece  of  metal,  which  refts  upon  it  by  its  own 
gravity. 

It  is  evident  that  a force  from  below  will  open  any  one  of 
thole  valves ; but  a force  from  above  will  fhut  up  the  aper- 
ture more  effectually. 

I 
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When  the  pidon  is  firft  drawn  upwards,  the  air 
in  C D is  rarefied  ; hence  the  p re  flu  re  of  the  at- 
mofphere  upon  the  furface  of  the  water  in  the  well 
forces  the  water  to  afcend  a little  way  into  the  lower 
pare  of  the  pump ; for  indar.ee,  as  high  as  G. 
Then  the  pidon  is  pufhed  dowrrwards,  which  con- 
tracting the  didance  CD,  forces  fome  air  out  of  the 
valve  D through  the  pidon,  but  no  air  can  get  down 
through  the  valve  at  C ; hence  the  water  remains 
at  G.  After  this,  the  pidon  is  drawn  upwards  a 
fecond  time,  which  rarefies  the  air  in  C D ; in  con- 
fequence  of  which  the  water  afeends  higher  within 
the  pump;  thus,  by  degrees,  the  water  gets  above 
the  valve  C,  and  fills  the  ipace  C D ; and  when  this 
takes  place,  then,  by  lowering  the  pidon,  fome 
water  pafles  through  the  valve  D,  and  remains 
above  the  pidon  ; then,  on  lifting  up  the  pidon, 
that  water  is  raifed,  and  more  water  comes  from 
the  well  through  the  valve  C,  &c. 

It  is  hardly  necefiary  to  mention,  that  the  height 
of  the  valve  D,  above  the  'water  of  the  well  mud 
never  exceed  32  feet.  Indeed,  on  account  of  the 
imperfections  to  which  thofe  mechanifms  are  fub- 
jeCt,  that  height  can  feldom  exceed  20  feet. 

The  force  which  is  required  to  work  a pump  is 
as  the  height  to  which  the  water  is  raifed,  and  as 
the  fquare  of  the  diameter  of  the  pump  at  the 
place  where  the  pidon  works ; it  being  immaterial 
whether  the  red  of  the  pump  be  of  the  fame  dia- 
meter or  not. 

yo l.  11,  f f 
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Pumps,  in  general,  are  worked  not  by  applying 
the  power  immediately  to  the  rod  at  E ; but  the 
end  of  that  rod  is  connected  with  the  fhorter  arm 
of  a lever,  whilfb  the  power  is  applied  to  the  longer 
arm  of  the  lever ; and  fince  the  longer  arm  of  the 
lever  is  about  five  or  fix  times  as  long  as  the  other, 
therefore  the  power  is  by  this  means  increafed  five 
or  fix  times. — It  has  been  found  from  repeated 
trials,  that  when  the  handle  increafes  the  power  five 
times,  when  the  diameter  of  the  pump  is  four 
inches,  and  the  water  is  to  be  raifed  30  feet  high  ; 
the  ordinary  exertion  of  a labouring  man  can  work 
it  for  a moderate  continuance  of  time,  and  can  dil- 
charge  27 \ gallons  of  water  (Englifh  wine  mea- 
fure)  per  minute. 

Now,  from  the  above-ftated  particulars,  it  will 
not  be  difficult  to  calculate  the  dimenfions  of  a 
pump,  which  will  difeharge  a given  quantity  of 
water  at  a pertain  height  in  a determinate  time  ; 
and  what  power  will  be  required  for  the  pur- 
pofe. 

The  forcing-pump , fig.  16.  Plate  XV.  raifes 
the  water  above  the  valve  PI,  in  the  fame  manner 
as  the  preceding  pump  ; but  then,  on  lowering  the 
pifton,  which  in  this  pump  is  a folid  piece  without 
any  valve  or  perforation,  the  water  cannot  get  above 
it,  but  it  is  forced  through  the  tube  M N,  and 
through  the  valve  at  P,  into  the  vefiel  K K,  which 
is  called  the  air-veffel  or  condenfing-veffel.  Thus,  by 
repeated  ftrokes  of  the  pifton,  die  water  is  forced 

to 
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to  enter,  and  to  accumulate  into  the  veffel  K K. 
driving  the  air  out  of  it,  through  the  pipe  IGF, 
But  when  the  water  has  been  raifed  above  the 
aperture  I of  the  pipe,  then  the  air,  inftead  of  be- 
ing driven  our,  is  condenfed  in  the  upper  part  of 
the  air-veffel ; hence  it  begins  to  re-aft  upon  the 
water  by  its  elafticity ; in  confequence  of  which  the 
water  is  forced  out  of  the  pipe  I FI  F,  forming  a 
jet,  which  rifes  higher,  or  goes  farther  and  farther, 
according  as  the  water  is  forced  into  the  air-vcfftl 
with  greater  quicknefs,  and  the  air  in  the  upper 
part  ol  the  faid  veffel  is  contrafted  into  a narrower 
fpace,  by  the  rifing  of  the  water  at  O,  within  the 
veffel. — Some  forcing-pumps  have  no  air-veffcl, 
but  convey  the  water  through  a fingle  uniform  tube 
to  the  required  height. 

The  jet,  when  there  is  an  air-veffel,  comes  out 
without  intermiffion ; for  whilft  the  pifton  is  afcend- 
ing,  the  elafbicity  of  the  condenfed  air  continues  to 
aft  upon  the  water  at  O. 

By  means  of  this  pump,  the  water  may  be  raifed 
to  any  height,  provided  there  be  working  power 
adequate  to  the  required  effeft,  and  the  parts  of  the 
pump,  and  principally  of  the  air-  veffel,  be  fuflicient- 
]y  flrong. 

If  to  the  extremity  F of  the  difeharging  pipe,  a 
flexible  tube,  either  of  leather,  or  of  other  pliable 
material,  be  adapted,  fo  as  to  render  the  jet  capable 
bf  being  direfted  towards  any  particular  place 
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at  pleafure,  then  the  mechanifm  becomes  a fire- 

engine. 

The  principle  of  fire-engines , which  are  com- 
monly nfed  in  this  country,  and  elfewhere,  for 
extinguifhing  fires,  is  nothing  more  than  what  has 
been  already  defcribed.  Their  particular  con- 
ftru&ions,  which  have  been  diverfified  and  im- 
proved by  various  able  mechanics,  differ  only  in  a 
more  or  lefs  compact  difpofition  of  parts ; in 
having  two  or  more  forcing  pumps ; in  having 
the  levers  capable  of  admitting  feveral  working- 
men, &c. 

Water-pumps  of  every  fort  may  be  worked  by 
other  powers,  befides  the  force  of  men.  They  may 
be  worked  by  the  wind,  by  horfes,  by  a fteam- 
engine,  by  a river,  &c.  A vaft  variety  of  mecha- 
nifms  has  been  contrived  for  fuch  purpofes,  which 
may  be  feen  in  almoft  all  the  works  on  mechanics, 
hydraulics,  and  other  fubjetts  allied  to  them  j but 
thole  mechanifms  muft  be  contrived  according  to 
the  particular  circumftances  of  the  filiations,  in 
which  they  are  to  be  uled. 

The  water- works  at  London-bridge  confift  of 
forcing-pumps,  which  are  worked  by  the  current 
of  the  river,  viz.  the  current  of  the  river  turns  a 
large  vertical  wheel,  called  the  water-wheel,  the 
axis  of  which  has  a number  of  cranks,  which  work 
as  many  ievers,  and  at  the  ends  of  thofe  levers  are 
fafiened  the  rods  of  the  forcing-pumps.  The 

water 
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water  is  forced  by  them  into  a very  drong  con- 
denfing  veffel  of  iron,  and  from  this  veffel  various 
pipes  convey  and  difcharge  the  water  to  different 
parts  of  the  town. 

Archimedes'  Screw -Engine  for  raifing  Water . 

This  fimple  and  elegant  contrivance  of  the  great 
Archimedes,  is  fhewn  in  fig.  18  Plate  XV.  It 
confids  of  a ferew-like  tube,  open  throughout,  and 
faftened  round  an  axis,  which  turns,  together  with 
the  tube,  round  the  pivots  A,  B. 

This  machine  being  placed  with  its  lower  part 
in  water,  muff  be  inclined  to  the  horizon  at  an  angle 
of  about  45  degrees ; then  by  turning  the  handle 
M,  the  machine  muff  be  turned  in  the  direftion 
da  C ; viz.  fo  that  the  lowed  aperture  of  the  tube 
may  go  againft  the  water;  and  by  this  means  the 
water  will  be  railed  from  A,  and  will  be  difeharged 
by  the  upper  aperture  i,  into  a proper  veffel,  S, 
which  mud  be  placed  under  it,  to  receive  the 
water,  and  to  convey  it  wherever  it  may  be  re- 
quired. 

In  order  tounderdand  the  action  of  this  machine 
it  mud  be  confidered,  id,  That  every  fuccelfive 
part  or  point  in  the  length  of  the  tube,  is  farther 
and  farther  from  the  lowed  part  of  the  machine,  or 
is  nearer  and  nearer  to  the  aperture  i.  2dly,  That 
the  fmall  quantity  of  water  which  is  in  the  in- 
ferior part  d,  of  any  convolution  of  the  tube, 
cannot  (in  virtue  of  its  gravity)  remain  affixed 

ff  j to 
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to  that  identical  part  of  the  tube,  when,  by 
the  turning  of  the  machine,  that  part  comes  to  the 
higher  fituation  a ; but  it  muft  pafs  on  to  the  next 
part  of  the  tube,  then  to  the  next  to  that,  and  fo 
on.  But  thofe  fuccefiive  parts  come  nearer  and 
nearer  to  the  aperture  i ; therefore  that  quantity  of 
water  muft  pafs  gradually  from  the  lowed:  to  the 
higheft  part  of  the  tube,  until  it  comes  out  itfelf 
of  the  aperture  i. 

What  has  been  faid  of  this  quantity  of  water, 
may  evidently  be  faid  of  the  next,  and,  in 
fhort,  of  all  the  water  which  is  railed  by  the 
machine. 

Inftead  of  the  handle  M,  fometimes  a pretty  large 
wheel  is  affixed  to  the  lowed;  part  of  the  machine, 
which,  on  account  of  the  inclination,  will  be  partly 
immerfed  in  water ; in  confequence  of  which, 
the  machine  will  be  turaecl  by  the  water  itfelf  i 
fuppofing  that  water  to  be  a river,  or  running 
llrearn. 

Sometimes,  inftead  of  one,  two  tubes  are  fixed 
round  the  axis  of  this  machine  ; but  its  conftruc- 
tion  has  been  altered  various  ways,  which  need  not 
be  particularly  defcribed,  fince  the  principle  itfelf 
of  the  machine  remains  unaltered. 

Such  machines  are  ufeful  for  railing  water  to  no 
great  heights ; for  when  the  elevation  is  considera- 
ble, the  machine,  on  account  of  its  inclined  pofition 
muft  be  long,  heavy,  and  liable  to  be  bent,  in 
which  caff  its  action  would  ceafe, 
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The  Rope  Machine  [or  raijing  Water. 

If  a vertical  grooved  wheel,  fixed  in  a frame,  be 
fituated  within  the  water  at  the  bottom  of  a well, 
and  another  fnnilar  wheel,  having  a handle  affixed 
to  its  axis,  be  fituated  in  another  frame  at  the  upper 
part  of  the  well ; alfo  an  endlefs  rope  (viz.  a rope 
whole  two  extremities  are  fpliced  into  each  other) 
be  palled  round  both  wheels ; then,  on  turning  the 
handle,  the  wheels  and  the  rope  will  be  caufed  to 
move,  viz.  the  rope  will  afeend  on  one  fide,  and  will 
defeend  on  the  other,  pa  ding  fucceffively  through 
the  water  of  the  well ; but  the  afeend ing  part  will 
carry  up  a quantity  of  water  adhering  to  its  furface; 
and  this  water  differs  in  quantity,  according  to  the 
fize  of  the  rope,  the  depth  of  the  well,  and  the 
quicknefs  of  the  motion  ; viz.  with  a larger  rope, 
in  a lefs  deep  well  and  quickeft  motion,  a greater 
quantity  of  water  will  be  raifed,  than  otherwife. 

In  order  to  intercept  the  water  at  the  top  of  the 
well,  the  upper  wheel  is  inclofed  in  a pretty  large 
box,  in  the  bottom  of  which  there  are  two  holes, 
through  which  the  afeending  and  defeending  parts 
of  the  rope  pafs.  To  thefe  holes  are  affixed  two 
fhor-t  tubes,  which  prevent  the  exit  of  the  water 
which  falls  to  the  bottom  of  the  box.  There  is* 
alfo  a lateral  fpout  on  the  fide  of  the  box,  clofe  to 
the  bottom,  for  the  water  to  come  out  of;  and  on 

the 
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the  broad  Tides  of  the  box  there  are  two  holes  for 
the  axis  of  the  wheel.  The  nth  and  ioth  figures 
of  Plate  XV.  exhibit  a febtion  and  a front  view 
of  a machine  of  this  fort,  which  was  put  up 
in  the  year  1782,  on  the  caftle  hill  at  Windfor, 
where  the  depth  of  the  well  is  95  feet  *. 

The  fame  letters  refer  to  the  like  parts  in  both 
figures. 

The  wheel  H at  the  bottom  of  the  well  is  of 
lignum  vita,  one  foot  in  diameter.  Its  axis  is  of 
fteel,  and  turns  with  its  extremities  in  fockets  of 
bell-metal. 

The  frame  II  is  of  iron. 

The  wheel  EE  at  the  top  of  the  well  is  of  iron  ; 
but  its  rim,  with  the  grove  which  receives  the  rope, 
is  of  lead.  The  diameter  of  this  wheel  is  three 
feet. 

The  axis  dd  is  of  fteel,  and  its  extremities  turn 
in  bell-metal  fockets,  which  are  fixed  in  two  up- 
right pofts  A A,  that  fupport  the  machine.  T is  the 
handle  affixed  to  the  axis,  which  handle  defcribes  a 
circle  of  28  inches  in  diameter  \ bb  is  the  wooden 
box,  lined  with  lead,  which  inclofes  the  wheel  E, 
F F are  the  holes  at  the  bottom  of  the  box  through 
which  the  rope  paffes.  Their  diameter  is  about  two 
inches. 


* A fimilar  machine  was  alfo  placed  on  the  round 
tower  of  Windfor  caftle,  which  draws  the  water  from  the 
depth  of  178  feet. 
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On  the  fame  axis  dd , another  wheel  CC,  of  about 
four  feet  in  diameter,  is  fixed.  This  wheel  is  of 
wood,  loaded  on  the  edge  with  lead,  and  it  ferves 
as  a fly  to  facilitate  the  motion. 

The  rope  is  of  horfe-hair,  and  meafures  half  ail 
inch  in  diameter. 

With  this  identical  machine,  feveral  experiments 
were  tried,  the  refult  of  which  is  as  follows : 

When  the  machine  was  worked  flowly,  viz.  fo 
as  to  make  about  30  revolutions  of  the  handle  in 
one  minute,  then  very  little  v/ater  came  up  adhering 
to  the  rope ; and  of  this  water  a very  fmall  portion 
was  feparated  from  the  rope  within  the  box,  fo 
as  to  come  out  of  the  ipouc  Z,  in  the  fide  of  the 
box. 

When  the  revolutions  of  the  handle  were  about 
50  in  a minute  ; then  a confiderable  quantity  of 
water  came  up  adhering  to  the  rope ; and  on  turn- 
ing the  wheel  EE  round,  the  greatefl:  part  of  that 
water,  having  acquired  a confiderable  velocity, 
flew  off  in  a tangent  from  the  rope,  and  formed  a 
jet  within  the  box.  This  water  falling  to  the  bottom 
of  the  box,  came  out  of  the  fpouc  Z. 

It  was  found  that  the  ucmoft  exertion  of  an  ordi- 
nary working  man,  could  not  make  more  than  60 
revolutions  of  the  handle  in  a minute;  in  which 
cafe  the  rope  moved  at  the  rate  of  about  16 
feet  per  fecond.  With  this  velocity  the  quan- 
tity of  water  that  came  out  of  the  fpout  Z,  was 
about  fix  gallons  per  minute  : but  it  would  have 

been 
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been  impoflible  for  the  man  to  have  worked  at  that 
rate  for  more  than  three  or  four  minutes. 

This  machine  may  evidently  be  placed  aflant, 
viz.  fo  as  to  convey  the  water  from  one  place  to 
another,  which  is  not  quite  perpendicularly  over 
the  former.  The  fame  conftruction  and  almoft  the 
fame  expence  will  adapt  the  machine  to  wells  of  dif- 
ferent depths,  though  the  effects  will  not  be  always 
the  fame. 

More  than  one  rope,  or  a broad  band  inftead  of 
a rope,  might  be  adapted  to  this  machine,  for  which 
purpofe  the  wheels  mult  have  more  than  one,  or  a 
broad,  groove,  Stc. 

The  greeted:  di (advantage  of  this  machine  is,  that 
the  rope  does  not  laid  long.  Its  being  always  wet 
deftroys  it  very  loon. — In  putting  on  the  rope,  care 
mult  be  had  to  foke  i:  well  in  water  before  it  be 
fpliced  ; otherwife  it  will  eidier  be  too  tight,  or  it 
will  break. — A hair  rope  has  been  found  to ‘lad 
longer  than  one  of  hemp. 


The  Mechanical  Paradox. 

The  efTed  which  arifes  from  that  curious  proper- 
ty of  non-elaftic  fluids,  viz.  from  their  prelling  upon 
equal  bottoms,  according  to  their  perpendicular  al- 
titudes, without  any  regard  to  their  quantities,  has 
been  commonly  called  the  by  dr  ojiatical  paradox , and 
various  machines,  more  or  Ids  complicated,  have 
been  conflruded  for  the  purpofe  of  rendering  it 

ftrikingly 


principal  Machine's , &c.  443 

ftrikingly  evident  but  afcer  the  theoretical  expla- 
nation which  has  been  given  of  that  property,  it 
items  ufelefs  to  employ  more  pages  on  the  defcrip- 
tion  of  fuch  machines.  I (hall,  however,  add  one 
of  the  lead  complicated  conftru£tion.  This  is  rc- 
prefented  in  fig.  7.  Plate  XV.  Ic  is  commonly 
called  the  hydrojlatical  bellows. 

It  confifts  of  two  thick  oval  boards,  each  about 
1 6 inches  broad  and  18  inches  long,  joined  by 
means  of  leather,  to  open  and  fhut  like  common 
bellows,  excepting  that  they  move  parallel  to  each 
other.  A pipe  B,  about  3 feet  high,  is  fixed  into 
the  bellows  at  e. 

Let  fume  water  be  poured  into  the  pipe  at  <?, 
which  will  run  into  the  bellows,  and  feparate  the 
boards  a little.  Lay  three  weights  Z-,  c,  d , each 
weighing  100  pounds,  upon  the  upper  board  ; then 
pour  more  water  into  the  pipe  B,  which  will  run 
into  tire  bellows,  and  will  raife  die  board  with  all 
the  weights  upon  it ; and  if  the  pipe  be  kept  full, 
until  the  weights  are  railed  as  high  as  the  leather 
which  covers  the  bellows  will  allow  them,  the 
water  will  remain  in  the  pipe,  and  lupport  all  the 
weights,  even  though  it  fliouid  weigh  no  more  than 
a quarter  of  a pound,  and  they  300  pounds  ; nor 
will  all  their  force  be  able  to  caufe  them  to  defcend 
and  force  the  water  out  at  the  top  of  the  pipe. 

A man  may  (land  upon  the  upper  board,  inftead 
of  the  weights,  and  he  may  raife  himlelf  by  pour- 
ing water  into  the  pipe  B ■,  which  will  appear  very 

wonderful 
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wonderful  to  unskilled  perfons ; hut  the  wonder  will 
vanifh,  if  it  be  confidered  that  if  the  man  raifes 
himfelf  one  tenth  part  of  an  inch,  the  water  mud 
deicend  down  almoft  the  whole  length  of  the  pipe; 
fo  that  the  finall  quantity  of  water  in  the  pipe  can 
balance  the  weight  of  the  man,  becaufe  their  velo- 
cities, or  the  fpaces  they  mud  move  through,  are 
jnveifely  as  their  weights;  which  renders  their  mo- 
mentums  equal. 

I fhall  not  deferibe  the  various  forts  of  mills,  or 
of  other  hydraulic  engines,  on  three  accounts  prin- 
cipally, viz.  firfb  becaufe  thofe  machines,  though 
very  ufeful,  do  not  point  out  any  new  property  of 
fluids,  befides  what  have  been  already  explained  ; 
fecondly,  becaufe  the  deferiptions  of  thofe  engines 
may  be  found  in  a variety  of  books,  fjch  as  dic- 
tionaries of  arts  and  fciences,  tranfadtions  of  learned 
focieties,  treatifes  on  mechanics,  on  hydroftatics, 
&c.  and  3dly,  becaufe,  by  the  infertion  of  thofe 
deferiptions,  this  work  would  be  fwelled  up  to  an 
enormous  fize.— -The  following  machine  is  not  very 
commonly  known. 

1'he  Machine  for  Blowing,  by  means  of  a Fall 

of  Water,. 

Wherever  tnere  is  the  conveniency  of  a fall  of 
water,  which  is  frequently  the  cafe  in  the  vicinity 
of  hills,  mountains,  &c.  there  a machine  for  blow- 
ing the  fire  of  a furnace  may  be  ealfly  conflructed ; 

and 
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and  it  will  it  prove  both  ufeful  and  lading,  almoft 
without  any  farther  expence  than  that  which  attends 

the  original  conftruftion. 

The  dimenfions  of  fuch  machines  mud  be  diked 
to  the  eircumdances  of  the  fituation,  fize  of  the 
furnace,  &c.  but  thofe  particulars  may  be  eafily 
derived  from  the  general  principles  of  the  con- 
dru&ion,  which  I fhall  give  in  the  words  of  P10- 
fedor  Venturi,  the  gentleman  who  has  given  the 
bed  and  mod  recent  explanation  of  thofe  prin- 
ciples. 

“ Let  BCDE,  fig.  17.  Plate  XV.  reprefent 
“ a pipe,  through  which  the  water  of  a canal  A B, 
“ falls  into  the  lower  receiver  M N.  The  fides  of 
“ the  tube  have  openings  all  round,  through  which 
“ the  air  freely  enters  to  fuppiy  what  the  water  car- 
“ ries  down  in  its  fall.  This  mixture  of  wrater  and 
<c  air  proceeds  to  drike  a mafs  of  done  Qj  w'hence 
“ rebounding  through  the  whole  width  of  the  re- 
“ ceiver  M N,  the  water  fcparates  from  the  air, 
“ and  falls  to  the  bottom  at  X Z,  whence  it  is  dif- 
“ charged  into  the  lower  channel  or  drain,  by  one 
<c  or  more  openings  T,  V.  The  air,  being  lefs 
C{  heavy  than  the  water,  occupies  the  upper  part 
(c  of  the  receiver,  whence,  being  urged  through 
<c  the  upper  pipe  O,  it  is  conveyed  to  the 
“ forge. 

“ I formed  one  of  thefe  artificial  blowing  engines 

O O 

“ of  a fmall  fize.  The  pipe  B D was  two  inches 
e(  in  diameter,  and  four  feet  in  height.  When  the 

“ water 
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“ water  accurately  filled  the  fe&ion  B C,  and  all 
“ the  lateral  openings  of  the  pipe  B D E C were 
“ clofed,  the  pipe  O no  longer  afforded  any 
“ wind.”  (See  the  note  in  page  180  of  this 
volume.) 

te  It  is,  therefore,  evident,  that  in  the  open  pipes 
“ the  whole  of  ti  e wind  comes  from  the  at- 
4C  mofphere,  and  no  portion  is  afforded  by  the  de- 
“ compofition  of  water.  Water  cannot  be  decom- 
“ pofed  and  transformed  into  gas,  by  the  fim- 
<c  pie  agitation  and  mechanical  percufilon  of  its 
<c  parts.  The  opinions  of  Fabri  and  Dietrich 
u have  no  foundation  in  nature,  and  are  contrary 
<c  to  experiment. 

“ It  remains,  therefore,  to  determine  the  cir- 
“ cumffances  proper  to  drive  into  the  receiver 
<c  M N,  the  greateff  quantity  of  air,  and  to  mea- 
tf  lure  that  quantity.  The  circumftances  which 
S(  favour  the  mod  abundant  produftion  of  wind, 
tc  are  the  following  : 

“ i.  In  order  to  obtain  the  created  effect  from 
cc  the  acceleration  of  gravity,  it  is  neceffary  that 
“ the  water  fhould  beo;in  to  fall  at  B C,  with  the 
“ lead  poffible  velocity;  and  that  the  height  of 
<c  the  water  FB  fhould  be  no  more  than  is  necef- 
fs  fary  to  fill  the  fedion  B C.  I fuppofe  the  ver- 
“ tical  velocity  of  this  Ie£tion  to  be  produced  by  an 
“ height  or  head  equal  to  BC. 

(C  2.  We  do  not  yet  know,  by  direct  experi- 
ft  ment,  the  didance  to  which  the  lateral  commu- 
$ “ nication 
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nicatiori  of  motion  between  water  and  air  can  ex- 
“ tend  itfelf ; but  we  may  admit,  with  confidence, 
“ that  it  can  take  place  in  a feet  ion  double  that  of 
te  the  original  fetdion  with  which  the  water  enters 

D 

“ the  pipe.  Let  us  fuppofe  the  fe£tion  of  the  pipe 
“ B D E C,  to  be  double  the  fedion  of  the  water 
<c  at  B C ; and  in  order  that  the  dream  of  fluid 
“ may  extend  and  divide  itfelf  through  the  whole 
<c  double  fedlion  of  the  pipe,  fome  bars,  or  a grate, 
“ arc  placed  in  B C,  to  diflribute  and  fcatter  the 
<c  water  thiough  the  whole  internal  cavity  of  the 
“ pipe. 

“ 3.  Since  the  air  is  required  to  move  in  the 
“ pipe  O,  with  a certain  velocity,  it  mud  be 
“ comprelTed  in  the  receiver.-  This  comprefiion 
“ will  be  proportioned  to  the  fum  of.  the  accele- 
{C  rations,  which  fliall  have  been  deftroyed  in  the 
“ inferior  part  KD  of  the  pipe.  Taking  KD 
<e  equal  to  one  foot  and  a half,  we  (hall  have  a 
“ preiTure  fufficient  to  give  the  requiiite  velocity 
“ in  the  pipe  O.  The  fides  of  the  portion  KD,  as 
Cf  well  as  thofh  of  the  receiver  MN,  mud  be  ex- 
4t  adly  clofed  in  every  part. 

“ 4.  The  lateral  openings  in  the  remaining 
“ part  of  the  pipe  B K,  may  be  fo  difpofed 
<c  and  multiplied,  particularly  at  the  upper  part, 
,c  that  the  air  may  have  free  accefs  within  die 

“ tube.  I will  fuppofe  them  to  be  luch,  that 

ce  one- tenth  part  of  a foot  height  of  water 

“ might  be  fufficient  to  give  the  neceflary  vc- 

st  lock)’' 
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“ loclty  to  the  air  at  its  introduction  through  the 
“ apertures,  (i) 


(i)  “ All  thefe  conditions  being  attended  to,  and  fup- 
14  pofing  the  pipe  B D to  be  cylindrical,  it  is  required  to  de- 
**  termine  the  quantity  of  air  which  pafles  in  a given  time 
“ through  the  circular  fe&ion  K L.  Let  us  take,  in  feet, 

«KD=i,S5  BC  = BF=a;  BD  = i,  By  the 

44  common  theory  of  falling  bodies,  the  velocity  in  K L will 
44  be  7,76  V u + b — 1,4  ; the  circular  feclion  K L 
tc  = 0,785  a1.  Admitting  the  air  in  K L to  have  ac- 
“ quired  the  fame  velocity  as  the  water,  the  quantity  of  the 
44  mixture  of  the  water  and  air,  which  paiTes  in  a fecond, 
44  through  K L,  is  =:  6,1  aL  a -f  1.4.  We  mull: 
44  dedod  from  the  quantity  (a  + b — 1,4)  that  height 
44  which  anfwers  to  the  velocity  the  water  mud  lofe  by  that 
44  portion  of  velocity  which  it  communicates  to  the  new  air 
44  laterally  and  conflantiy  introduced  ; but  this  quantity  is 
« fo  final!,  that  it  may  be  negleded  in  the  calculation. 
44  The  water  which  paffes  in  the  fame  time  of  one  fecond 
through  B C,  is  zz  0,4.  a*  \/  a + 0,1.  Confequently, 
if  the  quantity  of  air  which  palfes  in  one  fecond  through 
« K.  L,  will  be  ==  6,1  a1  */a-\-b  — 1,4  — 0,4  az  y/ u + 0,1  ; 
« taking  the  air  itfelf,  even  in  its  ordinary  ftate  of  com- 
44  prefiion,  under  the  weight  of  the  atmofphere.  It  will  be 
41  proper,  in  practical  applications,  to  dedud  one-fourth 
44  from  this  quantity,  ift,  on  account  of  the  Blocks  which 
44  the  feat te red  water  fuftains  againft  the  interior  part  of  the 
44  tube,  which  deprive  it  of  part  of  its  motion  ; and,  2dly, 
« becaufe  it  mull  happen  that  the  air  in  L K will  not,  in 
44  all  its  parts,  have  acquired  the  fame  velocity  as  the 
44  water.” 
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"If  the  pipe  O do  not  difcharge  the  whole 
<c  quantity  of  air  afforded  by  the  fall,  the  water 
tc  will  defcend  at  XZ;  the  point  K will  rife  in 
“ the  pipe,  the  afflux  of  air  will  diminifh,  and 
“ part  of  the  wind  will  iffue  out  of  the  lower 
<c  lateral  apertures  of  the  pipe  B K*.” 


The  Anemometer j or  Wind-gage. 


The  dire6tion  and  the  ftrength  are  the  two  parti- 
culars which  may  be  required  to  be  afcertained  with 
refped  to  the  wind. 

The  methods  of  determining  the  adtual  direction, 
by  means  of  wind-vanes,  or  of  the  motion  of 
clouds,  &c.  are  too  common  and  too  obvious,  to 
need  any  particular  defcription  ; but  for  the  purpofe 
©f  meafuring  the  force  of  the  wind,  l'everal  inftru- 
ments  have  been  contrived  j fuch  as  a board  faften- 
ed  to  the  rod  of  a pendulum,  which  fhews  the 
ftrength  of  the  wind  by  the  angle  to  which  the 
pendulum  is  caufed  to  deviate  from  the  perpendi- 
cular; fuch  alfo  as  a fmall  windmill,  which,  by 
the  number  of  revolutions  that  are  performed  in  a 
given  time,  gives  an  eftimate  of  the  force  of  the 
wind,  &c.  but  amongft  all  thofe  inftruments,  the 
moft  portable,  lefs  equivocal,  and  lefs  complicated, 


* Venturi’s  Experimental  Enquiry  on  the  lateral  com- 
munication of  motion  in  fluids.  Prop.  VIII. 


VOL.  II, 
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wind  gage,  is  one  which  was  contrived  by  Dr. 
James  Lind  of  Windfor:  this  is  delineated  in 
fig.  8.  Plate  XV.  which  is  about  one-half  of 
the  real,  or  more  ufual,  fize  of  fucli  inftruments. — 
Philofophical  Tran  factions,  vol.  65,  p.  35  3. 

“ This  fimple  inftrument  confifts  of  two  glafs 
tubes,  A B,  CD,  of  five  or  fix  inches  in  length.* * 
Their  bores,  which  are  fo  much  the  better  always 
for  being  equal,  are  each  about  T ths  of  an  inch 
in  diameter.  They  are  conne&ed  together  like  a 
l'yphon,  by  a fmall  bent  glafs  tube  ah , the  bore  of 
which  is  To  th  of  an  inch  in  diameter.  On  the 
upper  end  of  the  leg  A B,  there  is  a tube  of  latten 
brafs,  which  is  kneed  or  bent  perpendicularly  out- 
wards, and  has  its  mouth  open  towards  F.  On 
the  other  leg  C D is  a cover,  with  a round  hole  G 
in  the  upper  part  of  it,  To  ths  of  an  inch  in  diame- 
ter. This  cover,  and  the  kneed  tube  are  connected 
together  by  a flip  of  brafs  cd , which  not  only  gives 
flrengt'n  to  the  whole  inftrument,  but  alfo  ferves  to 
hold  the  fcale  H I.  The  kneed  tube  and  cover  are 
fixed  on  with  hard  cement,  or  feaiing-wax.  To  the 
fame  tube  is  foldered  a piece  of  brals  e. , with  a 
round  hole  in  it,  to  receive  the  fteel  fpindle  K L, 
and  at  f there  is  juft  fuch  another  piece  of  brafs 
foldered  to  the  brafs  hoop  g h,  which  furrounds 
both  legs  of  the  inftrument.  There  is  a lmall 

* “ They  ought  to  be  longer,  as  in  feveral  cafes  the 

*c  abovementioned  length  has  been  found  infufficient.” 

fhoulder 
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fiioulder  on  the  fpindle  at /,  upon  which  the  inftru- 
ment  reds,  and  a fmall  nut  at  /,  to  prevent  it  from  be- 
ing blown  off  the  fpindle  by  the  wind.  The  wholein- 
ftrumentis  eafily  turned  round  upon  the  fpindle  by  the 
wind,  fo  as  always  to  prefent  the  mouth  of  the  kneed 
tube  towards  it.  The  lower  end  of  the  fpindle  has  a 
fcrew  on  it  j by  which  it  may  be  fere  wed  into  the  top 
of  a pod,  or  a dand  made  on  purpofe.  It  alfo  has  a 
hole  at  L,  to  admit  a fmall  lever  for  ferewing  it  into 
wood  with  more  readinefs  and  facility.  A thin  plate  of 
brafs,  k,  is  foldered  to  the  kneed  tube  about  half  an 
inch  above  the  round  hole  G,  fo  as  to  prevent  rain 
from  falling  into  it.  There  is  likewife  a crooked 
tube  A B,  fig.  9.  to  be  put  on  occafionally  upon 
the  mouth  of  the  kneed  tube  F,  in  order  to  pre- 
vent rain  from  being  blown  into  the  mouth  of  the 
wind-gage,  when  it  is  left  out  all  night,  or  ex- 
pofed  in  the  time  of  rain.  The  force  or  momentum 
of  the  wind  may  be  afeertained  by  the  abidance  of 
this  indrument,  by  filling  the  tubes  half-full  of 
water,  and  pufhing  the  fcale  a little  up  or  down, 
till  the  o of  the  fcale,  when  the  indrument  is  held 
up  perpendicularly,  be  on  a line  with  the  furface  of 
the  water,  in  both  legs  of  the  wind-gage.  The 
indrument  being  thus  adj uded,  hold  it  up  perpen- 
dicularly, and  turning  the  mouth  of  the  kneed 
tube  towards  the  wind,  obferve  how  much  the 
w'ater  is  depreded  by  it  in  one  leg,  and  how  much 
it  is  raifed  in  the  other.  The  fum  of  the  two  is  the 
height  of  a column  of  water  which  the  wind  is  ca- 
pable 
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pable  of  fuftaining  at  that  time  ; and  every  body 
that  is  oppofed  to  that  wind,  will  be  prefied  upon 
by  a f(  rce  equal  to  the  weight  of  a column  of 
water,  having  its  bafe  equal  to  the  lurface  that  is 
expofed,  and  its  height  equal  to  the  altitude  of 
the  column  of  water  fuftained  by  the  wind  in  the 
wind-gage.  Hence  the  force  of  the  wind  upon 
any  body,  where  the  furface  oppofed  to  it  is 
known,  may  be  eafily  found,  and  a ready  compa- 
rifon  may  be  made  betwixt  the  ftrength  of  one 
gale  of  wind  and  that  of  another,  by  knowing  the 
heights  of  the  columns  of  water,  which  the  dif- 
ferent winds  were  capab’e  of  fuftaining.  The 
heights  of  the  columns  in  each  leg  will  be  equal, 
provided  the  legs  are  of  equal  bores  ; othenvife  the 
heights  muft  be  calculated  accordingly. 

<e  The  force  of  the  wind  may  likewife  be  mea- 
fured  with  this  inftrument,  by  filling  it  until  the 
water  runs  out  at  the  hole  G.  For  it  we  then 'hold 
it  up  to  the  wind  as  before,  a quantity  of  water 
will  be  blown  out ; and,  if  both  legs  of  the  inftru- 
ment are  of  the  fame  bore,  the  height  of  the  column 
fuftained  will  be  equal  to  double  the  column  of 
water  in  either  leg,  or  the  fum  of  what  is  warning 
in  both  legs.  But  if  the  legs  be  of  unequal  bores, 
then  the  heights  muft  be  calculated  accord- 
ingly. 

“ On  land  this  inftrument  may  be  left  out  ex- 
pofed all  night,  &c.  ; but  at  fea  it  muft  always  be 
held  up  by  the  hand  in  a perpendicular  pofition, 

whether 
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whether  it  be  ufed  when  only  half-full  of  water, 
or  when  quite  full ; which  laft  will  be  frequently 
found  to  be  the  only  pra&icable  method  during  the 
night. 

“ The  ufe  of  the  fmall  tube  of  communication 
a b,  fig.  8.  is  to  check  the  undulation  of  the  wa- 
ter, fo  that  the  height  of  it  may  be  read  off  from 
the  l'cale  with  eafe  and  certainty.  But  it  is  parti- 
cularly defigned  to  prevent  the  wrater  from  being 
thrown  up  to  a much  greater  or  lefs  altitude  than 
that  which  the  wind  can  fuflain. 

“ The  height  of  the  column  of  water  fuffained 
in  the  wind-gage  being  given,  the  force  of  the 
wind  upon  a foot  fquare  is  eafily  had  by  the 
following  table,  and  confequemly  on  any  known 
furface.” 
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Height  of  the  water 
in  the  gage. 


Force  of  the  wind 

on  one  foot  fquare  Common  defignation: 
in  pounds  avoir-  of  fuch  winds, 
dupoife. 


Inches  12  — 

1 1 — 
10  — 

9 — 
8 — 

6 — 

5 ~ 

4 - 

3 “ 
2 — 

1 — 

°>5 
0,1 
0,05 
0,0?.  5 


— 62,500 

— 57j293 

mod:  violent  hur- 
ricane. 

— 4 [>667  very  great  hurricane. 

— 36,548  great  hurricane. 

— 3^75°  hurricane. 

— 26,041  very  great  florm. 

— 20,8 33  great  florm. 

— 15,625  florm. 

— 10,416  very  high  wind. 

— 5,208  high  wind. 

— 2,604  brifk  gale. 

0,521  frefh  breeze. 

— 0,260  pleafant  wind. 

— 0,030  a gentle  wind. 


— 52,083? 

— 46,875) 


When  the  height  of  the  water  is  not  exaflly  men- 
tioned in  the  table,  then  that  height  may  be  fepa- 
rated  into  fuch  parts  as  are  mentioned  in  the  table, 
and  the  fum  of  the  forces  anfwering  to  fuch  parts 
will  be  the  force  of  the  wind  correfpondent  to  the 
height  in  queflion  ; thus,  if  the  height  of  the  water 
be  4,6  inches  j then  this  height  is  equal  to  4, 

plus 
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plus  0,5,  plus  o,r,  which  parts  are  all  in  the 
table ; therefore 

lbs. 

4 inches  20,833 

0,5  — 2,604 

0,1  — 0,521 

The  fum  is  23,958,  which  exp^efies  the  force 
of  the  wind  when  the  height  of  the  water  in  the 
gage  is  4,6  inches. 

Any  alteration  that  can  ufually  take  place  in  the 
temperature  of  the  water,  makes  no  fenfible  dif- 
ference in  this  inftrument. 

In  frody  weather  this  gage  cannot  be  ufed  with 
common  water.  At  that  time  fome  other  liquor 
muft  be  ufed,  which  is  not  fo  fubje£t  to  freeze ; 
and,  upon  the  whole,  a faturated  folution  of  com- 
mon fait  in  water  is  the  mod  eligible : but  in  that 
cafe  (fince  the  fpecific  gravity  of  a faturated  folu- 
tion of  fait  is  to  that  of  pure  water  as  1,244  to  1) 
the  forces  which  are  dated  in  the  preceding  table 
mud  be  multiplied  by  1,244.  Thus,  if  in  the  pre- 
ceding example  the  faturated  folution  of  fait  had 
been  ufed  indead  of  water  only,  the  force  of  the 
wind  on  a fquare  foot,  would  have  been  29,8 
pounds  *. 

The 


* When  falt-water  is  ufed,  the  force  of  the  wind,  which 
is  dated  in  the  table,  mud  be  increafed  in  the  proportion  of 
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The  Barometer.  ** 

The  conftru£tion  of  the  barometer  has  been  fo 
often  varied  at  different  times,  and  by  different 
ingenious  perfons,  that  a defeription  of  all  its 
fhapes  and  varieties  would  be  endlefs ; but  it 
would  at  the  fame  time  be  ufelefs,  fince  few  of 
thofe  various  conflrudions  are  really  fufficiently 
ufeful,  either  for  the  common  purpofe  of  indicating 
the  variations  of  the  gravity  of  the  atmofphere,  or 
for  the  purpofe  of  meafuring  altitudes. 

As  the  ufual  perpendicular  movement  of  the 
mercury  in  the  barometer,  upon  the  whole,  hardly 
amounts  to  two  inches  and  a half,  therefore  the 
principal  objed:  of  various  ingenious  perfons  has 
been  to  extend  the  fcale,  fo  that  very  fmall  varia- 
tions might  be  rendered  apparent. 

One  of  the  methods  by  which  this  object  has 
been  accomplifhed,  is  reprefented  in  fig.  8.  of 
Plate  XVI. 

A B is  a glafs  tube  about  5 or  6 feet  long,  open 
at  its  lower  end,  and  having  an  enlargement  CD  at 


the  fpecific  gravity  of  falt-water  to  that  of  common  water  ; 
thus,  ufing  the  preceding  example,  we  mud  fay,  as  I : 1,244 
: : 23,958  to  a fourth  proportional,  which  mud  be  found  by 
multiplying  the  fecond  term  by  the  third,  and  then  dividing 
the  product  by  the  firft  term ; but,  the  firlt  term  being 
unity,  we  need  only  multiply  23,958  by  1,244. 

the 
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the  height  of  between  c8  and  31  inches  above  its 
lower  extremity.  This  tube  is  filled  with  mercury 
as  hiorh  as  about  CD,  viz.  the  middle  of  the  en~ 
largement  of  its  cavity  ; and  the  upper  part  of  it, 
viz.  from  the  furface  C D of  the  mercury,  to  a 
certain  place  E,  in  the  upper  part  G B of  the  tube, 
is  filled  with  tinged  fpirit  of  wine ; the  remaining 
fpace  EB  being  a vacuum.  F is  a bafon  contain- 
ing quickfilver,  wherein  the  lower  end  of  the  tube 
is  immerfed. 

When  the  mercury  rifes  in  the  barometer;  for 
inftance,  one  inch  in  the  enlargement  C D,  it  is 
evident  that  a certain  quantity  of  fpirit  of  wine 
muft  be  forced  by  it  into  the  part  G B,  which  will 
fill  much  more  than  one  inch  length  of  the  tube  GB, 
firft  becaufe  one  inch  altitude  of  the  cavity  C D 
contains  fpirit  of  wine  enough  to  fill  up  fome  inches 
length  of  the  tube  GB;  and  adly,  becaufe  one 
inch  perpendicular  altitude  of  quickfilver  is  equiva- 
lent to  leveral  inches  perpendicular  altitude  of  fpirit 
of  wine.  By  this  means  a fmill  variation  of  the 
altitude  of  the  mercury  in  CD,  is  indicated  by  a 
much  more  apparent  variation  of  the  altitude  of  the 
fpirit  of  wine  in  G B. 

Barometers,  containing  mercury  and  fpirits,  or 
mercury  and  water,  or  mercury  and  fome  other  li- 
quor, have  alfo  been  made  of  feveral  parallel  tubes 
connected  together  in  a zigzag  way ; but  I need 
not  detain  my  reader  by  a particular  defcription  of 
fuck  barometers,  fince  they  are  all  much  more  im- 
perfect 
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perfect  than  the  fimple  ftraight  mercurial  barome- 
ter. Their  imperfections  principally  arife  from  the 
expanfion  and  contraction  of  the  other  fluid  befides 
the  mercury,  and  from  the  vapour  which  being  ex- 
tiicated  liom  that  other  fluid,  and  occupying  the 
upper  part  of  the  tube,  counteracts  in  great  mea- 
iure  the  preflure  of  the  atmofphere. 

T.  he  elongation  of  the  fcale,  or  of  the  apparent 
motion  of  the  barometer,  has  alfo  been  accomplifh- 
ed  by  inclining  part  of  the  mercurial  barometer. 
I hus,  in  fig.  g.  Plate  XV L the  tube  is  ftraight 
from  the  bafon  B,  to  the  altitude  A,  viz.  about 
28  inches,  but  the  reft,  A C,  is  inclined  to  the 
horizon. 

Now,  as  the  ordinary  perpendicular  motion  of 
the  quickfilver  amounts  to  about  three  inches, 
which  is  equal  to  AD;  therefore,  when  it  moves  not 
perpendicularly  from  A to  D,  but  obliquely  through 
A C,  it  muft  run  all  the  way  from  A to  C,  in  or- 
der to  attain  three  inches  of  perpendicular  altitude  j 
fo  that  if  the  part  A C be  12  inches  long,  viz.  four 
times  as  long  as  the  part  AD,  then,  whilft  the 
mercury  in  a ftraight  barometer  rifes  one  inch,  in 
this  flant  barometer,  it  will  run  along  four  inches 
length  of  the  part  A C 5 and  of  courfe  the  ffnall 
alterations  of  the  preflure  of  the  atmofphere  are 
thereby  rendered  more  apparent.  Yet  this  flant 
barometer  is  by  no  means  fo  accurate  as  a ftraight 
one  ; and  the  caufes  of  its  inaccuracy  principally, 
are  the  obliquity  of  the  furface  of  the  mercury  in 

the 
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the  part  A C,  the  difficulty  of  obtaining,  or  of 
knowing,  when  the  part  AC  is  perfectly  ftraight, 
and  the  want  of  freedom  in  the  motion  of  the 
quickfilver,  which  arifes  from  its  attraction  to- 
wards the  glafs,  and  which  increafes  with  the  increale 
of  the  obliquity  of  the  part  A C. 

Barometers  are  alfo  made  to  move  circular  in- 
dexes ; they  have  likewife  been  made  with  an 
horizontal  elongation  at  the  lower  part  of  the  tube  j 
always  for  the  purpofe  of  extending  the  fcale.  But 
all  thofe  conftruCtions  are  attended  with  confiderable 
imperfections ; fo  that,  upon  the  whole,  the  itraight 
mercurial  barometer  is  the  belt.  Upon  fuch  a 
barometer  for  common  purpofes,  the  altitude  may 
be  commodioufly  read  off  to  the  exaCtnefs  of  one- 
hundredth  part  of  an  inch ; and  on  thofe  which  are 
made  for  meafuring  altitudes,  as  mountains,  &c. 
it  may  generally  be  read  off  within  the  500  th  part 
of  an  inch. 

I need  not  defcribe  the  ornamental  part  of  the 
common  barometers,  which  is  varied  by  the  fancy 
of  every  maker  ; but  a complete  one  is  (hewn  by 
fig.  14.  Plate  XVI. ; two  things,  however,  de- 
ferve  to  be  mentioned,  viz.  the  more  ufual  con- 
ftruCtion  of  the  lower  part,  or  of  the  ciftern ; and 
the  nature  of  the  nonius,  which  (in  the  belt  con- 
ItruCtion)  is  affixed  to  the  index  for  the  purpofe  of 
indicating  the  fmall  parts  of  an  inch. 

The  lower  part  of  the  tube  is  fometimes  bent  and 
enlarged,  as  is  (hewn  by  fig.  10.  of  Plate  XVI. 


in 
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in  which  conftrudion,  when  the  barometer  is  to  be 
removed  from  one  place  to  another,  the  inftrument 
is  turned  gently  upfide  down,  and  the  mercury 
filling  the  whole  tube,  comes  not  higher  than  the 
curvature  A ; buc  when  the  barometer  is  fet  ftraight 
up  againft  a wall  in  the  ufual  way,  then  the  quick- 
filver  defcending  a little  way  from  the  doled  upper 
end  of  the  tube,  fills  the  part  AB,  and  rifes  a little 
way  within  the  enlarged  part  B ; which  in  fad  is 
the  ciftern  of  the  barometer.  Sometimes  the  ba- 
rometers are  made  with  an  open  ciftern,  in  which 
cafe  they  ad  well,  but  are  not  portable,  unlefs  they 
be  carried  ftraight  up,  and  very  gently,  from  one 
place  to  another. 

The  moft  portable  barometers  of  the  com- 
mon fort,  have  a little  bag  made  of  a piece  of 
bladder,  tied  round  their  lower  extremity.  This 
bag.  and  tube  are  filled  with  mercury,  and  no  part 
of  that  mercury  is  expofed  to  the  armofphere but 
the  atmofphere  preftcs  upon  the  outfide  of  the  bag, 
which  anfwers  the  fame  purpofe.  To  thofe 
barometers  a fcrew  S,  fig.  13*  Plate  XVI.  is 
affixed  to  the  frame,  which,  when  the  barometer 
is  to  be  carried  from  place  to  place,  is  fcrewed  up- 
wards by  applying  the  hand  to  the  milled  head  T, 
by  which  means  the  p re (Tu  re  of  the  lcrew  againft 
the  bag,  pufhes  the  mercury  into  the  tube,  fills  up 
the  whole  length  of  the  tube,  and  renders  the  in- 
fcrument  quite  portable. 

On  refledion  it  will  appear,  that,  according  to 

the 
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the  above-mentioned  conftruftion  of  citterns,  when 
the  mercury  rifes  in  the  tube,  it  mutt  fall  in  the 
cittern ; in  confequence  of  which  the  altitude  of 
the  mercury  fhould  always  be  reckoned  from  the 
furface  of  the  mercury  in  the  cittern  ; this,  how- 
ever, excepting  in  barometers  for  meafuring  alti- 
tudes, is  in  general  not  taken  notice  of ; fince  the 
difference  is  not  great. 

The  principle  of  what  is  commonly,  though  im- 
properly, called  nonius , may  be  better  explained  by 
means  of  an  example.  This  curious  contrivance  is 
of  great  ufe;  and  in  fail  it  has  been  applied  to  a 
great  variety  of  philofophicaJ,  and  principally  of 
aftronomical,  inftruments  *. 

Suppofe  that  a fcale,  as  AB,  fig.  1 1.  Plate  XVI. 
is  divided  in  inches  only,  and  that  the  parts  of  an 
inch  (for  inftance,  the  quarters)  be  required  to  be 
meafured  by  means  of  a nonius:  C D is  the  no- 
nius, viz.  a little  fcale,  moveable  over,  or  along,  thfe 
fide  of  the  fcale  A B.  The  conttruftion  of  this 
nonius  is  fuch,  that  the  diftance  CD,  which  is  equal 
to  three  inches,  is  divided  into  four  equal  parts  ; 


* 'c  This  method  was  publ ifhed  by  Peter  Vernier  (a 
“ gentleman  of  Tranche  Comte)  at  BruiFels,  in  the  year 
tl  1631  ; and  which,  by  fome  Itrange  fatality,  is  molt  un- 
“ juftly,  although  commonly,  called  by  the  name  of  Nonius  j 
“ for  Nonius’s  method  is  not  only  very  different  from  that  of 
“ Fernier^  but  much  lefs  convenient.”  Roberlfon’s 
Navigation,  B.  V.  §.219. 
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whereas,  on  the  fcale,  the  fame  length  is  divided 
into  three  equal  parts  ; fo  that  the  divifions  of  the 
nonius  are  to  thofe  of  the  fcale  as  4 to  3.  There- 
fore the  parts,  or  divifions,  of  the  nonius  are 
fhortcr  than  the  divifions  of  the  fcale,  viz. 
each  parr  of  the  nonius  muft  be  equal  to  three- 
quarters  of  each  divifion  of  the  fcale;  hence  the 
firft  divifion  of  the  nonius,  which  lies  be- 
tween o and  l3  is  one-quarter  of  an  inch  fihorter 
than  the  next  divifion  of  the  fcale ; the  fecond 
divifion  of  the  nonius  is  half  an  inch  diliant  from 
the  next  divifion  of  the  fcale  ; and  the  third  divifion 
of  the  nonius  is  three-quarters  of  an  inch  diftant 
from  the  next  divificn  (meaning  always  towards  the 
right-hand)  of  the  fcale. 

N ow,  when  I am  to  meafure  the  diftance  E F, 
by  the  application  of  the  fcale,  I find  it  equal  to 
four  inches ; but  if  I want  to  meafure  the  dis- 
tance E G,  the  fcale  will  (hew  that  it  is  more  than 
four  incites,  but  not  how  much  more  ; now,  in  or- 
der to  find  how7  much  more  than  four  inches  that 
difiance  EG  is,  I move  the  nonius  forward  until  its 
edge  D coincides  with  G.  (Here  the  diftance  EG 
is  not  placed  dole  to  the  fcale  and  nonius,  only  to 
avoid  confufion)  and  in  that  cafe,  I find  that  the 
third  divifion  of  the  nonius  coincides  with  one  of 
the  divifions  of  the  fcale ; but  that  divifion  of  the 
nonius,  as  has  been  fhewn  above,  was  three  quar- 
ters of  an  inch  diftant  from  the  next  divifion  of  the 
fcale ; therefore  the  nonius  has  now  been  advanced 
three  quarters  of  an  inch,  as  is  fhewn  by  fig.  12.  and 
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of  courfe  the  length  EG  is  four  inches  and  three- 
quarters. 

What  has  been  faid  of  this  nonius  may  be  eafily 
applied  to  explain  the  principle  of  every  other  no- 
nius ; viz.  as  by  this  nonius  we  have  the  quarters 
of  an  inch,  becaufe  the  fame  fpace  of  three  inches 
is  divided  into  three  equal  parts  on  the  fcale,  and 
into  four  equal  parts  on  the  nonius  ; fo  we  may 
have  the  tenths  of  an  inch  if  the  fame  fpace  of 
9 inches  be  divided  into  10  equal  parts  on  the 
nonius  j fo  alfo  we  may  have  the  hundredths  of  an 
inch,  if  the  fame  fpace,  which  is  divided  into  9- 
tenths  of  an  inch  on  the  fcale  be  divided  into  10 
equal  parts  on  the  nonius  ; and  fo  forth. 

The  barometers  for  meafuring  mountains,  or  al- 
titudes in  general,  mud  be  made  with  much  greater 
accuracy  than  thofe  of  the  common  fort ; their  fcale 
mud  be  longer  ; the  mercury  in  the  ciftern  mud  be 
raifed  by  means  of  a fcrew  always  to  the  fame  mark, 
in  order  that  the  divifions  of  the  fcale  may  indicate 
the  real  altitudes  of  the  furface  of  the  mercury  in  the 
tube  above  that  of  the  mercury  in  the  ciftern. 
They  alfo  mud  be  furnifhed  with  a (land  capable 
of  fupporting  them  in  a perpendicular  fituation  ; 
for  otherwife  they  cannot  be  fufpended  ftraight  up 
on  the  fides  of  mountains ; and  great  care  muft  be 
had  to  render  fuch  inftruments  as  portable  and  as  fe- 
cure  as  poftible. 

Various  contrivances  have  been  made  and  exe- 
cuted for  the  attainment  of  fuch  objects.  The  lateft 
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and  perhaps  the  belt,  but  by  no  means  the  fimpleft, 
was  made  by  Mr.  Haas ; I fhall,  however,  briefly 
defcribe  the  conttru&ion  of  the  portable  barometers 
contrived  and  con  (trusted  by  the  late  very  ingenious 
philofophical  .inftrument- maker,  Mr.  Jefle  Ramf- 
den,  which  have  been  ufed  by  various  philofophi- 
cal gentlemen,  and  efpecially  by  Colonel  Roy  in  his 
numerous  meafurements.  Fig.  20.  and  21.  of  Plate 
XVI.  exhibit  a barometer  of  this  confirmation, 
both  in  the  fituation  proper  for  obfervation,  and 
packed  up. 

“ The  principal  parts  of  this  inftrument  are  a 
“ fimple  firaight  tube,  fixed  into  a wooden  cittern 
c<  A,  which,  for  the  conveniency  of  carrying,  is 
“ fbut  with  an  ivory  fcrew  B,  and  that  being  re- 
tc  moved,  is  open  when  in  ufe.  Fronting  this 
te  aperture  is  diftindtly  feen  the  coincidence  of  the 
“ gage  mark,  with  a line  on  the  rod  of  an  ivory 
tc  float,  fwimming  on  the  furface  of  the  quickfilver, 
“ which  is  raifed  or  deprefied  by  a brafs  fcrew  C at 
u the  bottom  of  the  cittern.  From  this,  as  a fixed 
“ point,  the  height  of  the  column  is  readily  mea- 
“ fured  on  the  lcale  D attached  to  the  frame,  al- 
“ ways  to  T ‘ o Part  an  inch,  by  means  of  a no- 
“ nius  E,  moved  with  rack-work.  A thermo- 
,f  meter  F is  placed  near  the  cittern,  whofe  ball 
“ heretofore  was  ulually  inclofed  within  the  wood- 
‘c  work,  a defe£t  that  hath  been  fince  remedied. 
“ The  three-legged  ttand,  fupporting  the  initru- 
tc  ment  when  in  uie,  ferves  as  a cafe  for  it  when 
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inverted  and  carried  from  place  to  place,  fig.  21. 
<e  Two  of  thele  barometers,  after  the  quickfilver 
<c  in  them  hath  been  carefully  boiled,  being  fuffered 
“ to  remain  long  enough  in  the  fame  fituation,  to 
<f  acquire  the  fame  temperature,  ufually  agree  in 
<c  height,  or  rarely  differ  from  each  other  more 
tc  than  a few  thoufandth  parts  of  an  inch*.” 

The  Air-Pump . 

The  air-pump  is  an  inftrument  which  ferves  to 
■draw,  or  pump,  the  air  out  of  any  veflel  which  is 
properly  adapted  to  it.  This  noble  engine  is  one 
of  the  principal  inflruments  which  have,  fince  the 
middle  of  the  17th  century,  contributed  to  the  rapid 
advancement  of  natural  philofophy,  by  affording  the 
means  not  only  of  verifying  what  had  been  advanced 
and  conjectured  by  feveral  learned  perfons  concern- 
ing the  atmofphere  ; but  likewife  of  trying  a great 
many  experiments,  and  of  afeertaining  a vaft  nunv 
ber  of  new  and  interesting  fades. 

The  original  principle  or  conftrudtion  of  the  air- 
pump  is  fimilar  to  that  of  the  common  water-pump 
which  we  have  already  deferibed ; excepting  that 
the  parts  of  the  air-pump  mud  be  executed  with 


* Philofophical  Tranfadtions,  vol.  67.  p.  658. 
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very  great  accuracy,  for  the  purpofe  of  intercepting 
the  paffage  of  the  air,  where  that  is  not  wanted, 
and  which,  on  account  of  the  prefTure  of  the  at* 
mofphere  and  the  fubtlety  of  the  air,  cannot  be 
■well  intercepted,  without  the  utmoft  mechanical 
accuracy. 

'I  he  fir  ft  conftrudlion  of  the  air-pump  was 
re\y  imperfedt,  but  a variety  of  improvements 
gradually  removed  its  imperfections,  and  multi- 
plied its  varieties,  fo  that  at  prefent  there  are 
various  forts  of  air-pumps  in  ufe,  which  are 
more  or  lets  complicated,  more  or  lefs  effectual 
in  exhaufting,  and  more  or  lefs  expcnfive.  The 
hiflory  of  moft  of  its  improvements  and  fhapes, 
makes  a very  entertaining  article  in  various 
books,  and  efpecially  in  the  Encyclopaedia  Bri- 
tannica,  under  the  article  Pneumatics;  but  feveral 
of  thofe  improvements  need  not  be  noticed  at 
prefent,  fince  they  have  been  fuperfeded  by  better 
contrivances.  The  defcription  of  the  particular 
conftruetions,  at  leatt  of  the  moft  ufeful,  may  be 
found  in  the  above-mentioned  article,  or  in  other 
works  that  are  mentioned  in  the  note.  We  fhall 
only  defcribe  the  principle  of  the  fimpleft  pump 
which  is  now  in  ufe,  for  the  purpofe  of  giving 
the  ftudent  a clear  idea  of  the  principal  parts  of 
that  exhauRing  engine,  and  fhall  then  fubjoin  the 
defcription  of  an  improved  one  which  was  lately 
contrived  afid  executed  by  Mr.  H.ias,  efpecially 
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as  that  •conftruftion  has  not,  as  far  as  I know, 
been  deferibed  in  any  ocher  publication*. 

Fig. 


* The  air-pump  was  hid:  invented  by  Otto  Guericke,  a 
gentleman  of  Magdeburgh  in  Germany,  about  the  year 
1654.  (Schottus.  Mech.  Hydraulico-Pneum  ) Soon  after, 
Guericke’s  contrivance  was  imitated  and  greatly  im- 
proved, in  England,  by  the  celebrated  and  indefatigable  Mr. 
Boyle  (fee  his  works),  who  was  aftifted  by  feveral  eminent 
perfons,  and  efpecially  by  Dr.  Hook,  a gentleman  of  a molt 
inventive  mechanical  genius.  But  the  want  of  (kill  in  the 
then  exifting  workmen,  and  the  deficiency  of  feveral  arti- 
cles, ftil]  rendered  the  air-pump  a very  imperfed  inftru- 
ment,  until  Air.  Hawkefbee  produced  an  improved  and 
elegant  engine  of  that  fort,  which  has  been  copied  by  many 
artifts  here  and  elfewhere,  and  is  even  at  prefent  in  ufe 
amongft  philofophers.  (See  the  defeription  of  it  in  Dr. 
Defagulier’s  Philofophical  Works.)  Another  pump,'fome- 
what  different,  was  alfo  conftruded  by  Gravefande.  (See 
his  Courfe  of  Philofophy. ) But  a very  capital  improve- 
ment of  the  air-pump  was  made  in  almoft  all  its  parts,  by 
the  late  famous  engineer,  Mr.  John  Smeaton;  (fee  his  de- 
feription in  the  47th  vol,  of  the  Philofophical  Tranfadions) ; 
and  a well-made  pump  of  that  fort,  undoubtedly,  is  one  of  the 
beft  now  extant  ; yet,  after  the  interval  of  about  ->5  years, 
this  conftrudion  was  followed  by  feveral  other  contrivances, 
fome  of  which  are  certainly  fuperior  to  it.  ! he  beft  of 
thofe  latter  contrivances  are,  a pump  by  Mr.  Haas  ; (fee  its 
conftrudion  in  the  73d  vol.  of  the  Philofophical  Tranfac- 
tions);  an  air-pump  by  Air.  Prince  of  Bolton  in  America} 
(Encyclopaedia  Britannica,  article  Pneumatics)  ; one  by 
Air;  Cuthbeitfon,  at}  eminent  philofophical-inftrument 
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Fig.  18.  of  Plate  XVI.  exhibits  the  fimpled 
fort  of  air  pump.  AB  is  the  brafs  barrel,  which 
is  reprefented  as  being  tranfparent  for  the  purpofe 
of  (hewing  the  conftrufrion  of  the  internal  parts. 
The  infide  of  the  barrel  is  as  perfectly  cylindrical  as 
can  be  made,  and  very  fmooth.  The  barrel  is  open 
at  top,  or  if  furnifhed  with  a cover,  that  cover  is 
perforated  for  the  paffage  of  the  rod  F G,  and  of 
the  air.  The  bottom  B of  the  barrel  is  accurately 
clofed  by  a flat  piece  of  brafs,  excepting  a fmall 
hole,  which  pafles  through  the  faid  piece,  and  com- 
municates with  the  cavity  of  the  glafs  receiver  D, 
which  is  cemented  into  the  piece  C,  and  out  of 
which  the  air  is  to  be  pumped.  The  fmall  hole  in 
the  flat  bottom  of  the  barrel  is  covered  by  a flip  of 
pil-filk,  which  is  drained  over  it ; whence  it  appears. 


maker,  at  prefent  in  London;  (Encyclopaedia  Britannica, 
article  Pneumatics.)  A very  good  improvement  of  the 
air-pump  was  made  in  France  by  M.  Lavoifier,  and  other 
fcientific  perfons,  which  rendered  that  engine  capable  of 
exhatifting  to  a very  great  degree ; but  it  is  faid,  that 
that  conftruclion  is  difficultly  executed,  and  eafily  put  out 
of  order. 

The  fixth  vol.  of  the  Tranfactions  of  the  Royal  Irifh 

J 

Academy  contains  the  defeription  of  an  air-pump,  contrived 
by  the  Rev.  James  Little,  of  Lacken,  in  the  county  of 
Mayo.  This  paper,  befides  the  particular  defeription  of  the 
inftrument,  contains  feveral  good  obfervations  on  the  ge- 
neral fubjeifl  of  air-pumps,  and  apparatus. 
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that  air  may  pafs  from  the  receiver  D,  into  the 
barrel ; but  it  cannot  go  from  the  latter  into  the 
former.  E is  a pifton,  viz.  a folid  piece  of  brafs, 
covered  over  with  leather  foked  in  oil,  or  other 
greafy  matter,  which  fitting  the  cavity  of  the  barrel 
very  accurately,  may  be  moved  up  or  down  all 
along  the  barrel,  by  means  of  the  rod  F G,  without 
admitting  any  air  between  the  furface  of  the  barrel 
and  that  of  the  pifton.  But  there  is  a hole,  indi- 
cated by  the  dotted  lines  at  E,  which  pafifes  through 
the  pifton,  and  has  its  upper  end  covered  with 
a (trained  flip  of  oil-filk,  fimilar  to  the  valve  at  the 
bottom  B of  the  cylinder.  The  valve  in  the  pifton 
permits  the  air’s  paflage  from  E to  G,  but  not  the 
contrary  way.  If  the  hand  be  applied  to  the  handle 
F,  and  the  pifton  be  moved  alternately  up  and 
down  the  cylinder,  the  vefiel  D will  thereby  be 
gradually  exhaufted  of  air,  and  the  procefs  of  it  is  as 
follows  ; 

When  the  pifton  is  drawn  upwards,  the  fpace 
between  the  lower  part  of  it  and  the  bottom  of  the 
cylinder  is  enlarged,  and  the  air  in  it  is  rarefied ; 
whereas  the  air  in  the  receiver  D is  denfer  than 
that  ; therefore  the  elafticity  or  expanfive  property 
of  this  air  prefies  againft  the  lower  part  of  the  oil- 
filk  at  the  bottom  of  the  cylinder,  more  than  the 
air  which  is  within  the  cylinder  preftes  upon  the 
upper  fide  of  it;  hence  part  of  the  air  of  the  vefiel 
D pafies  into  the  barrel,  and  of  courfe  the  quantity 
of  air  in  D is  diminilhed.  Then,  by  deprefilng 
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the  pifton,  the  quantity  of  air  which  is  between  it 
and  the  bottom  of  the  pi t’con  is  condenfed  ; hence 
it  prefics  againft  the  lower  fide  of  the  valve  G, 
more  than  the  atmofpheric  air  preffes  on  the  upper 
fide  of  the  fame  ; therefore  the  greateft  part  of 
that  air  pafies  through  that  valve  into  the  atmof- 
fphere.  When  the  pifton  is  drawn  upwards  the 
fecond  time,  the  like  effect  takes  place,  and  the 
air  of  the  veflel  D is  diminished  a little  more*. 
Thus,  by  repeating  the  movement  of  the  pifton, 
the  veffel  D is  gradually  exhaufted  of  air  to  a cer- 
tain degree,  which  is  the  utmoft  limit  of  the  pump’s 
exhaufting  power ; and  that  degree  is  expreffed  by 
the  proportion  which  the  air  that  laftly  remains 
in  the  veffel  D,  bears  to  that  which  was  at  firft 
in  it.  Thus,  if  the  remaining  air  is  one-tenth  part 
of  the  original  quantity,  the  pump  is  faid  to  have 
rarefied  the  air  ten  times  for,  in  fa 61,  the  re- 
maining quantity  of  air  in  D,  fills  up  ten  times 
the  fpace  which  it  occupied  before  the  ex- 
hauftion. 


* It  will  be  eafily  comprehended,  that  if  the  valves  in  the 
pifton  and  at  the  bottom  of  the  barrel  could  be  opened  with 
the  utmoft  freedom,  the  quantity  of  air,  which  remained  in 
the  veflel  D,  after  every  ftroke  of  the  pifton,  would  be  to 
that  quantity  which  was  in  it,  previous  to  that  ftroke,  as  the 
capacity  of  the  veflel  D is  to  the  fum  of  the  capacities  of 
that  veil'd,  and  of  the  barrel. 
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A more  particular  examination  of  the  parts  as 
well  as  operations  of  this  pump,  will  point  out  the 
powers,  the  defect,  and  the  improvements  of  air- 
pumps  in  general. 

As  the  capacity  of  the  barrel  is  generally  fmall  in 
proportion  to  that  of  the  vefiel,  out  of  which  the  air 
is  to  be  exhausted  in  feveral  experiments,  the  exhaus- 
tion will  proceed  but  flovvly  ; therefore,  in  order 
to  expedite  the  operation,  pumps  have  been  made 
with  two  barrels,  which  are  moved  alternately  by 
means  of  a wheel  with  a handle,  and  racks  affixed 
to  the  rods  of  the  piftons.  Both  barrels  commu- 
nicate with  the  fame  receiver,  and  the  exiiauftion 
goes  on  as  quick  again  as  when  one  barrel  is 
ufed. 

The  receiver  cemented  to  the  piece  B C,  at  the 
bottom  of  the  barrel,  cannot  be  adapted  to  a great 
variety  of  experiments  ; therefore,  inftead  of  that, 
the  barrel  or  barrels  have  been  made  to  communi- 
cate with  the  fame  duct  which  opens  in  the  middle 
of  a pretty  large  and  dat  metal  plate.  Then  a glafs 
receiver  of  any  required  fize,  within  certain  limits, 
is  placed  with  its  aperture  upon  that  plate,  and  is 
exhaufted,  &c. — In  order  to  prevent  the  admiffion 
of  air,  between  the  edge  of  the  receiver  and  the 
plate  of  the  pump,  it  was  formerly  ufed  to  inter- 
pofe  a piece  of  wet  leather,  which,  however,  was 
found  to  be  prejudicial  on  feveral  accounts  ; hence 
the  leather  is  now  feldom  ufed  ; but  the  edges  of 
the  receiycr,  as  alfo  the  lurfa.ee  of  the  piate,  are 
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ground  fo  very  flat  and  fmooth,  that  when  the  re- 
ceiver is  placed  tipon  the  plate,  no  air  can  pals 
through,  efpecially  if  the  leaft  film  of  oil  be  inter- 
pofed,  or  be  placed  on  the  outfide  of  the  edge  of 
glafs. 

Both  thofe  improvements,  viz.  the  double  barrel, 
and  the  plate,  are  feen  in  fig.  17.  Plate  XVI. 

By  infpecting  fig.  18.  Plate  XVI.  it  will  alfo 
be  eafily  underftood,  that  when  the  air  which  re* 
mains  within  the  veficl  D,  is  lo  far  rarefied  as  not 
to  have  force  lufficient  to  open  the  valve  at  the 
bottom  of  the  barrel,  then  the  pump  cannot  ex- 
hault  the  veflbl  any  farther.  This  e/Febt  is  alfo 
pardy  produced  by  the  air  which  remains  between 
the  pifton  and  the  bottom  of  the  barrel,  when  the 
pifton  is  down.  Now  in  order  to  avoid  thefe  in- 
conveniences, feveral  contrivances  have  been  made, 
and  it  is  the  different  nature  of  thofe  contrivances 
that  forms  the  variety  of  thofe  air-pumps  which 
have  been  mentioned  above. 

Mr.  H aas’s  lafl  air-pump  (for  this  is  not  the 
fame  as  was  contrived  by  the  fame  perfon  fome 
time  ago,  and  which  is  deferibed  in  the  73d  vol. 
of  the  Philofophical  Tranfadtions)  is  fhewn  in 
Plate  XV!.  fig.  2.  and  5.  The  wooden  frame  of 
the  machine  is  fufficiently  apparent  in  fig.  2.  There 
are  two  barrels  in  it,  which  by  turning  the  handle 
H,  round  the  axis  A,  about  one  turn  and  a half 
one  wav,  and  then  as  much  the  other  way, 
are  worked  alternately  for  within  the  wooden  part 
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BB,  there  is  on  the  axis  A,  a wheel  with  teeth, 
which  catch  into  the  teeth  of  the  racks,  which  are 
affixed  to  the  rods  of  the  piftons. 

The  two  barrels  communicate  with  a common 
dud,  which  opens  in  the  middle  of  the  Plate  P. 
This  plate  is  firmly  fixed  upon  a wooden  pillar 
that  proceeds  from  the  (land  or  pedeftal  of  the 
machine.  O,  O,  at  the  lower  part  of  the  machine, 
are  two  vefiels  affixed  to  the  ends  of  the  barrels, 
and  their  office  is  to  receive  the  oil  which  gradually 
pafies  from  the  infide  of  each  barrel  through  the 
valve  at  the  bottom. 

Fig.  2.  is  one-eighth  of  the  real  fize ; and 
fig.  5.  which  exhibits  a fedion  of  one  of  the 
barrels,  is  one-fourth  of  the  real  fize. 

At  the  bottom  V of  the  barrel,  there  is  a valve 
which  opens  outwards,  viz.  the  air  may  be  forced 
from  the  infide  of  the  barrel  into  the  atmofphere, 
but  cannot  go  the  contrary  way. 

The  form  of  the  pifton  is  pretty  well  indicated 
by  the  figure.  It  confilts  of  two  pieces  of  brafs 
ferewed  together,  and  holding  between  them  cir- 
cular pieces  of  leather,  the  edges  of  which  rub 
againft  the  cavity  of  the  barrel.  There  is  a valve 
in  the  pifton,  through  which  the  air  may  pafs  from 
the  upper  part  of  the  barrel  into  the  lower,  but 
not  vice  verfa.  The  rod  of  the  pifton  is  quite 
fmooth  and  cylindrical  ; it  pafies  through,  what  is 
cailed,  a collar  of  leathers,  viz.  through  a bole 
made  in  many  pieces  of  leather,  which  are  contained 
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in  a brafs  box  Z,  on  the  top  of  the  barrel.* 
Several  holes  are  been  towards  the  upper  part  of 
the  barrel,  which  communicate  with  a cavity,  in- 
dicated by  two  dark  lines,  that  runs  all  round  the 
upper  part  of  the  bairel,  and  communicates  with 
the  duff  D of  communication  with  the  plate  of  the 
machine. 

When  the  pi  don  is  drawn  upwards,  the  air  may 
pafs,  though  not  very  freely,  from  the  upper  to 
the  lower  part  of  the  barrel,  through  the  valve  in 
the  pifton  ; but  when  the  pifton  is  raifed  fo  high, 
as  that  its  lower  furface  be  higher  than  the  above- 
mentioned  holes,  then  the  air  from  the  receiver, 
which  (lands  on  the  plate,  coining  through  the 
dud:  D,  may  freely  pafs  into  the  barrel ; for  in 
that  cafe  there  is  neither  valve  nor  any  thing  elfe 
that  obftruds  its  paflage.  Then  on  deprdling  the 
pifton,  the  air  which  has  entered  the  barrel  being 
compreffed  towards  the  lower  pare  of  the  barrel, 
will  be  forced  out  of  it  through  the  valve  at  V. 
It  is  owing  to  the  freedom  with  which  the  air  can 
pafs  from  the  receiver  which  (lands  on  the  plate, 
into  the  barrel,  that  this  pump  rarities  to  a very 
confiderable  degree. 


* Thefe  leathers  as  well  as  thofe  of  the  pifton,  are  well 
foked  in  ho  ,’s  lard  (fome  workmen  (bke  them  in  oil  and 
tallow),  '(lie  latter  fit  the  barrel,  and  the 'former  (it  the 
outfide  of  the  pifton  rod,  fo  well  as  not  to  allow  the  paflage 
pf  any  air. 
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It  will  appear  on  the  lead  refledlion,  that  no 
pump  can  pofTibly  remove  all  the  air  from  any  re- 
ceiver ; for  the  quantity  of  air  which  is  expelled  at 
each  drake  of  the  pidon,  is  only  a portion  of 
what  was  in  the  receiver  previous  to  that  ftroke  ; 
and  therefore  a much  greater  quantity  of  air  fimilar 
in  denfity  to  that  which  was  lad  expelled,  mud 
remain  in  the  receiver.  So  that  a great  degree  of 
rarefaction,  but  not  a complete  exhaudion,  is  aJl 
that  can  be  expected  from  the  bed  pump;  whereas 
the  torriceliian  vacuum  is  much  more  complete 
than  what  is  made  by  an  air-pump. 

When  a pump  of  the  common  fort  rarefies  the 
air  of  a receiver  2co  or  160  times,  it  may  be  con- 
fid  ere  d as  a very  good  indrument  of  the  kind.  The 
very  bed  pumps  now  extant,  will  rarefy  the  air  600 
or  even  800  times  ; but  I am.  unwilling  to  date  the 
utmod  effect  of  thofe  condruftions ; fince  a very 
trifling  difference  generally  produces  a confiderable 
alteration  in  the  refult.  The  pump  being  recently 
put  together,  the  valves  being  more  or  Ids  drain- 
ed, the  want  of  a due  quantity  of  oil,  between  the 
moving  parts  of  the  engine,  and  various  other  par- 
ticulars, render  the  pump  more  or  lefs  capable  of 
rarefying  the  air  of  a receiver;  and  generally  they 
rarefy  to  a great  degree  at  fird,  but  foon  lofe  that 
power. 

The  various  methods  of  edimating  the  quantity 
of  air  which  remains  in  the  receiver  after  a certain 
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adtion  of  the  pump,  or  of  meafuring  the  rarefaction, 
will  be  (hewn  in  the  fequel. 

The  glafs  receivers  for  an  air-pump  are  of  dif- 
ferent fizes,  atrording  to  the  nature  of  the  experi- 
ments. Some  of  them  are  open  at  top,  and  to 
their  upper  aperture  there  is  fometimes  applied  a 
fiat  brals  plate,  which  is  ground  very  fmooth,  or  a 
focket  is  cemented  ; to  which  plate  or  focket  various 
apparatufes  are  affixed. 

Sometimes  the  receivers  are  not  fet  immediately 
on  the  plate  of  the  pump,  but  they  are  fet  on 
another  plate,  which  has  a pipe  with  a flop-cock, 
that  may  be  ferewed  into  the  centre  of  the  principal 
plate  P.  With  this  apparatus  the  air  of  the  receiver 
may  be  rarefied  as  well  as  if  the  receiver  flood  upon 
the  principal  plate  ; and  when  that  is  done,  by 
turning  the  flop-cock,  and  unferewing  it  from  the 
middle  of  the  principal  plate,  that  receiver,  having 
the  air  rarefied,  may  be  removed  together  with  the 
fmall  plate,  and  leave  the  pump  ready  for  other  ex- 
periments. This  auxiliary  plate,  with  its  pipe  and 
flop- cock,  is  commonly  called  a transferrer.  See 
fig.  19.  Plate  XVI, 

Of  the  various  experiments  which  are  ufually 
performed  with  the  air-pump,  and  which  are  de- 
feribed  in  almofl  all  the  works  on  Natural  Phi- 
lofophy,  1 fhall  briefly  deferibe  a few  only,  as  they 
will  be  quite  fufficient  to  indicate  the  general  mode 
pf  making  fuch  experiments. 
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Place  the  glafs  receiver  upon  the  plate  p of 
the  pump,  as  appears  at  hg.  2.  taking  care  that 
both  the  edge  of  the  receiver  and  the  plate,  be  quite 
clean,  and  fmearing  the  former  with  a very  frnall 
quantity  of  oil ; then  work  the  pump  by  turning  the 
handle  H of  the  machine  alternately  as  far  as  it  will 
go  one  way,  and  as  far  as  it  will  go  the  other  way. 
After  a few  ftrokes  you  will  find,  upon  trial,  that  the 
glafs  receiver  adheres  very  firmly  to  the  plate ; for 
as  the  air  is  partly  withdrawn  from  the  infide  of  the 
receiver,  the  p refill  re  of  the  atmofphere  on  the  out- 
fide  becomes  manifeft.  The  adhefion  of  the  re- 
ceiver to  the  plate  increafes  in  proportion  as  you 
continue  to  work  the  pump. 

There  is,  in  every  air-pump,  a fcrew-nut  on  the 
duct  of  communication  between  the  barrel  and  the 
receiver ; which  may  be  opened  occafionally,  in 
order  to  let  the  external  air  enter  the  cavity  of  the 
receiver  : fo  that  if,  in  the  above-mentioned  cafe* 
this  fcrew-nut  be  opened,  the  air  will  rufh  in 
with  an  audible  noife  ; in  confequcnce  of  which 
the  adhefion  of  the  receiver  to  the  plate  will  be 
removed. 

Under  inch  a receiver,  or  other  receivers  of  dif- 
ferent forms,  a variety  of  things  may  be  placed, 
and  on  rarefying  the  air,  different  effects  will  take 
place  ; but  in  deferibing  thofe  experiments,  it  will 
be  lufficient  to  fay  that  certain  effects  are  produced 
by  certain  fubftances  in  vacuo , or  in  the  exhaufied 
receiver:  meaning  fuch  a vacuum  as  may  be  pro- 
duced 
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duced  by  the  air-purnp  ; for  a more  perfect 
vacuum  is  always  denominated  the  torricellian 
vacuum. 

An  exhaufted  receiver  does  hot  appear  different 
from  what  it  does  before  the  exhauftion.  Objedts 
may  be  feen  in  it  and  through  it,  juft  as  well  in  one 
cafe  as  in  the  other. 

A lighted  candle  placed  under  the  receiver  of 
the  pump  will  go  out  after  a few  ftrokes  of  the 
pifton,  and  the  fmoke  will  be  feen  to  defeend  ; 
there  being  not  air  enough  to  fupport  it. 

Animals  die  fooner  or  later  in  the  receiver  of 
the  air-pump.  Infers  die  lateft  in  it,  viz.  after 
the  lapfe  of  fome  hours.  A dog,  a cat,  a rabbit,  a 
lnoufe,  a bird,  &c.  begin  to  fhew  figns  of  un- 
ealinefs  after  a few  ftrokes  of  the  pifton  ; the  un- 
eafinefs,  the  quickening  of  the  refpiration,  and  the 
panting  for  want  of  air,  increafe  gradually  ; vo- 
miting, bleeding  at  the  mouth  and  noftrils,  lofs  of 
ftrength,  and  fwelling  of  the  body,  fucceed  ; but  all 
thofe  difagreeable  fymptoms  laft  not  many  minutes; 
for  death  foon  clofes  the  feene. 

If  previous  to  their  death,  air  be  admitted  into 
the  receiver,  by  opening  the  lcrew-nut,  the  animals 
generally  revive,  provided  the  rarefadtion  has  not 
broken  any  viral  part. 

If  water  be  placed  in  a glafs  under  the  receiver 
of  the  pump,  on  working  the  machine,  the  water 
will  at.  firft  appear  full  of  air-bubbles,  then  thofe  air- 
bubbles  enlarge,  and  coming  out  of  the  water,  give 
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it  the  appearance  of  boiling.  By  rarefying  the 
air,  and  of  courfe  removing  the  preffure  of  the  at- 
mofphere  from  the  furface  of  the  water,  the  air 
which  is  ufually  contained  in  it  is  expanded  in  vir- 
tue of  its  elaftidty,  and  efcapes  from  the  water, 
which  efcape  gives  the  appearance  of  boiling  ; for 
the  water  does  not  acquire  any  heat  by  it. — The 
like  thing  happens  with  fever al  other  fluids.  If 
fi flies  be  contained  in  the  water,  the  rarefaction  of 
the  air  fills  them,  and  breaks  their  air-bladders. 
Even  me  minute  infedts  that  are  frequently  feen  in 
vinegar,  are  deprived  of  life  if  the  vinegar  be  ex- 
pofed  to  the  exhauflion  of  the  air-pump. 

Shrivelled  fruit,  under  the  receiver,  are  generally 
fwelled  by  the  exhauflion,  and  appear  very  plump, 
whilft  they  remain  in  it. 

A bladder,  containing  a very  fmall  quantity  of 
air,  and  having  its  neck  tied  up,  when  placed  under 
the  receiver,  will,  on  exhaufting  the  receiver,  fwell 
tip  and  appear  quite  full ; the  reafon  of  which  is, 
that  when  the  preffure  of  the  atmofphere  is  re- 
moved from  the  outfide  of  the  bladder,  the  internal 
air  expands  itfelf. 

Fig.  4.  of  Plate  XVI.  reprefents  a little  ma- 
chine confifiing  of  two  little  fets  of  mill-fails,  a and 
h3  which  are  of  equal  weights,  are  unconnedted 
with  each  other,  and  turn  with  equal  freedom  upon 
their  axes.  Each  fet  has  four  thin  fails,  fixed  into 
the  axis  ; thofc  of  the  mill  .a  have  their  planes  per- 
pendicular to  the  axis,  thole  of  b are  parallel  to 
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their  axis ; in  confequence  of  which  when  the  mill 
a turns  round  in  common  air,  it  is  little  refilled  by 
the  air,  whereas  the  other  is  refilled  in  a confi- 
derable  degree.  There  is  a pin  in  each  axle  near 
the  middle  of  the  frame,  which  goes  quite  through 
the  axle,  and  Hands  out  a little  on  each  fide  of  it } 
upon  thefe  pins,  the  Aider  d may  be  made  to  bear, 
and  fo  hinder  the  mills  from  going,  when  the  Hrong 
fpring  c is  fet  or  bent  againll  the  oppofite  ends  of 
the  pins. 

This  little  machine  ferves  to  flicw  the  refillance 
which  air  offers  to  the  motion  of  bodies,  which  re- 
fillance is  pro:  orcionate  to  the  furface  that  the  body 
prefents  directly  before  the  air. 

For  this  purpofe  tire  above-mentioned  little  ma- 
chine, with  the  fprings  bent  and  fet  upon  the  axles, 
is  fituated  upon  the  plate  of  the  pump,  and  a re- 
ceiver is  placed  upon  it;  but  this  receiver  mull 
have  a focket,  with  a fet  or  collar  of  leathers,  ce- 
mented to  its  upper  aperture,  and  a long  wire  mull 
pafs  through  a hole  in  the  leathers,  like  the  rod  of 
the  piHon  in  fig.  5 ; and  it  mult  be  fo  fituated  that 
the  wire  of  the  receiver  may  be  pufhed  down  ex- 
actly upon  the  Aider  d , and  difcharge  it  from  the 
pins  ; in  confequence  of  which  the  mills  being  im- 
pelled by  the  fpring,  will  be  caufed  to  turn  round. 
Now  if  this  operation  be  performed  when  the  re- 
ceiver is  full  of  air,  it  will  be  found  that  the  mill  a 
will  turn  round  much  longer  than  the  other,  for  it 
meets  withlefs  refillance  j but  if  the  fame  operation 
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be  performed  when  the  receiver  is  exhaufted,  then 
the  mills  will  be  found  to  turn  for  a much  longer 
time,  and  will  Hop  both  at  the  lame  time. 

The  like  thing  is  fhewn  by  the  defcent  of  heavy 
bodies.  There  is  a fmall  apparatus  fitted  to  a brafs 
plate,  which  is  to  be  fituated  on  the  upper  aperture 
of  a tall  receiver.  See  fig.  7.  of  Plate  XVI.  It 
confifts  of  wire  that  palfes  through  a collar  of  lea- 
thers, and  has  an  hooked  termination.  There  is  alfo 
another  wire  a}  which  has  a moveable  flap  hinged 
to  its  lower  extremity.  The  flap  being  placed  ho- 
rizontally, may  be  relied  upon  the  hooked  pro- 
jection of  the  central  wire  h ; then,  by  turning  the 
wire  b round  its  axis,  the  above-mentioned  flap  is 
difengaged  from  the  hooked  projection,  and  drops 
in  a perpendicular  direction. 

This  mechanifm  is  generally  called  the  guinea 
and  feather  apparatus  ; becaufe  a guinea  and  a fea- 
ther, or  different  bodies  of  diflimilar  fpecific  gra- 
vities, are  ufually  placed  upon  the  above-mentioned 
flap  whilll  horizontal  ■,  and  may  be  dropped  from 
it,  by  turning  the  wire  b.  It'appears  that  a guinea 
and  a feather,  or  any  other  bodies,  will  arrive  at 
the  bottom  of  the  velfel,  or  will  ftrike  the  plate  of 
the  pump,  at  different  times  when  the  receiver  is 
full  of  air ; but  precifely  at  the  fame  time,  when 
the  receiver  is  exhaulled ; in  that  cafe,  there  being 
nothing  in  the  receiver  to  refill  them,  and  their 
gravities  being  proportionate  to  their  quantities  of 
matter.  See  page  59  and  60  of  vol.  1. 
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Place  the  glafs,  AB,  fig.  1.  Plate  XVI.  open  at 
both  ends,  upon  the  plate  of  the  pump  over  the 
hole,  &c.  and  place  your  hand  flat  and  dole  to 
the  upper  aperture  B of  it.  On  exhaufling  that  ■ 
glafs,  you  will  find  that  the  hand  is  prefled  with  a 
weight  which  increafes  in  proportion  as  you  con- 
tinue to  work  the  pump,  and  the  adhefion  is  fo 
great,  that  the  hand  cannot  be  removed,  unlefs 
the  fcrew-nut  be  opened,  and  the  air  let  into  the 
glafs. 

The  cups  which  are  ufed  by  furgeons  for  bleed- 
ing, are  often  applied  to  the  flefh,  by  means  of  an 
exhaufling  fyringe,  which  is  nothing  more  than  a 
fmall  barrel  with  pifton  and  valves,  exactly  like  the 
one  defcribed  in  page  46  8.  This  fyringe  is  fcrewed 
to  the  neck  of  the  cup,  whilft  the  oppofite  and 
much  larger  aperture  of  the  cup  is  applied  to  the 
furface  of  the  body,  &c. 

If  inftead  of  applying  the  palm  of  the  hand,  you 
tie  a piece  of  bladder  over  the  aperture  B of  the 
above-mentioned  glafs,  on  working  the  pump,  w hich 
removes  the  preflure  from  the  under  part  of  the 
piece  of  bladder,  the  preflure  on  the  external  part 
of  it  will  become  very  manifeft ; for  the  bladder 
will  be  hollowed  by  it,  and  at  laft  it  will  be  broken 
with  confiderable  noife. 

Fig.  3.  Plate  XVI.  reprefents  a brafs  machine, 
confifling  of  three  pieces,  A,  B,  C ; which  ferves 
to  fliew  the  preflure  of  the  atmofphere  in  a very 
ftriking  manner.  A and  B are  two  hemifpherical 
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cups,  which,  when  joined  together,  form  a globe, 
the  cavity  of  which  communicates  with  the  at- 
mofpherfcal  air,  through  the  pipe  E,  when  the 
flop-cock  D is  open,  otherwife  it  is  abfolutely 
clofed  *. 

Join  the  two  hemifpheres;  fcrew  the  end  of  the 
pipe  E,  into  the  centre  hole  of  the  plate  of  the 
air-pump,  and  open  the  flop-cock  D.  In  this  fi- 
tuation  work  the  pump  fo  as  to  exhaufl  the  globe 
A B then  fhut  up  the  flop-cock  D,  unfcrew  the 
pipe  E,  with  the  globe  from  the  pump,  and  fcrew 
the  piece  C upon  the  pipe  E.  The  globes  now 
being  exhaufled,  the  prefTure  of  the  atmofphere 
will  force  the  two  hemifpheres,  A and  B,  very 
powerfully  againfl  each  other  j fo  that  if  two 
ftrong  men,  applying  their  hands,  one  at  the 
upper  ring  A,  and  the  other  at  the  lower  ring  C, 
endeavour  to  feparate  them,  they  will  find  it  very 
difficult ; for  if  the  diameter  of  the  hemifpheres  be 
four  inches,  there  will  be  required  a force  equal 
to  little  lefs  than  zco  pounds  to  pull  them  afunder. 
If  the  globe,  thus  exhaufled,  be  fufpended  by 
either  of  the  rings  to  an  hook  within  the  receiver 
01  an  air-pump,  and  that  receiver  be  exhaufled,  the 


* A wet  leather,  having  a hole  in  its  middle,  is  gene- 
rally placed  between  the  two  hemifpheres,  in  order  to  clofe 
the  aperture  more  effectually  ; but  when  they  are  well  made, 
and  their  edges  are  ground  properly,  a little  oil  fmeared  over 
the  edges  is  quite  fufficient  for  the  purpofe, 
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iwo  hemifpheres  will  feparate  immediately  ; fhew- 
ing,  in  a molt  convincing  manner,  that  they  ad- 
hered to  each  other  merely  in  confequence  of  the 
prefiure  of  the  atmoiphere. 

If  you  place  a barometer  under  a tall  glafs  re- 
ceiver of  the  air-pump,  and  rarefy  die  air  by  work- 
ing the  pump,  you  will  find  that  the  quickfilver 
defcends  gradually  in  the  tube  of  the  barometer  ; 
for  as  the  quickfilver  is  kept  up  in  the  barometer 
by  the  prefiure  of  the  atmofphere  on  the  furface  of 
the  quickfilver  of  the  ’ciftern,  and  its  altitude  is 
proportionate  to  that  prefiure,  therefore,  according 
as  the  prefiure  is  diminifhed,  fo  the  quickfilver  de- 
fcends in  the  tube.  Now,  from  what  has  been 
fliewn  above  in  chap.  VIII.  it  appears,  that  if  the 
prefiure  upon  the  cifiern  of  the  barometer  be  re- 
duced to  one  half,  the  height  of  the  mercury  in 
the  tube  will  alfo  be  reduced  to  one  half;  if  that 
prefiure  be  reduced  to  one  quarter  of  its  original 
quantity,  then  the  altitude  of  the  mercury  in  the 
tube  will  likewiie  be  reduced  to  one  quarter  of  the 
original  altitude  ; in  fiiort,  the  altitude  of  the  mer- 
cury in  the  tube  of  the  barometer  under  the  re- 
ceiver of  the  pump,  is  an  exaCt  meafure  of  the 
prefiure  on  the  ciftern,  or  of  the  quantity  of  elaftic 
fluid  that  remains  in  the  receiver,  or  of  the  elaf- 
ticity  of  that  fluid;  for  the  latter  is  proportionate  to 
the  former.  Hence  the  barometer  becomes  a very 
good  gage  of  the  power  of  the  air-pump,  or  of  the 
degree  of  rarefaction  t for  the  altitude  of  the 
x mercury 
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mercury  in  its  tube,  is  to  the  altitude  of  the  fame 
at  any  period  of  the  rare  fa  61  ion,  as  the  entire  ca- 
pacity of  the  receiver,  or  as  the  air  of  the  ufuai 
denfity,  is  to  the  denfity  or  quantity  of  the  air  in  the 
receiver  at  that  period  ; fo  that  if  the  mercury  in 
the  barometer  flood  originally  at  30  inches  height, 
and,  after  working  the  pump  a certain  time,  it 
(lands  at  the  altitude  of  one  inch,  the  conclufion  is, 
that  the  air  within  the  receiver  has  been  rarefied  30 
times,  or  that  the  air  which  remains  in  the  receiver 
is  fhe  Ooth  part  of  that  which  was  in  it  before  the 
woiking  of  the  pump,  fince  one  inch  is  the  30th 
part  of  30  inches.  Thus  alfo,  if  the  mercury  in 
the  barometer  is  found  to  (land  one  tenth  of  an  inch 
above  that  of  the  ciftern,  the  conclufion  is,  that  the 
air  has  been  rarefied  300  times,  &c. 

Upon  this  principle  three  gages  have  been  ccn- 
il reeled,  viz.  the  jhort  barometer  gage,  the  long  ba- 
rometer gage,  and  the  fyphon  gags . 

The  ihort  barometer  gage  is  nothing  more  than 
the  lower  part  of  a barometer,  viz.  a tube  of  about 
8 or  9 inches  in  length,  filled  with  mercury,  and 
immerfed  with  its  aperture  into  a fmall  quantity  of 
mercury  contained  in  a glafs  vefiel,  which  forms 
the  ciftern.  This  gage  is  either  placed  under  the 
receiver  upon  the  principal  plate  of  the  pump,  or 
it  is  placed  under  a feparate  fmall  receiver,  upon  a 
little  auxiliary  plate,  which  fome  air-pumps  have 
exprefsly  for  that  purpofe,  as  in  fig.  17.  Plate  XVL 
It  is  evident  that  this  gage,  not  being  equal  to  a 
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whole  barometer,  will  not  (hew  the  very  (mall  de- 
gree of  rarefaction  ; but  we  are  feldom  interefted 
concerning  thole  l'muil  degrees,  and  in  general  this 
gage  will  Degin  to  (hew  the  rarefaction  when  about 
three  quarters  of  the  air  have  been  removed  from 
the  receiver,  viz.  when  the  air  has  been  rarefied  till 
its  remaining  el  ifticity  is  not  able  to  fupport  that 
column  of  mercury.  This  gage  has  a fcale  of 
inches  and  parto  of  an  inch  affixed  to  the  tube, 
which  (hews  the  precife  altitude  of  the  mercury 
in  it. 

The  long  barometer  gage  is  a tube  of  about  33 
inches  in  length,  open  at  both  ends,  having  its  lower 
end  immerfed  in  a ciftern  of  quickfilver,  which  is 
fixed  on  the  pedeftal,  or  lower  part  of  the  frame  of 
the  pump  (for  the  tube  itfelf  reaches  from  that 
place  to  the  height  of  the  plate).  The  upper  aper- 
ture of  the  tube  communicates,  by  means  of  a brafs 
tube,  with  the  infide  of  the  pump. 

This  in  fa<5t  is  an  empty  barometer,  which  is 
filled  with  quickfilver  by  withdrawing  the  air  from 
it  through  its  upper  aperture  and  if  the  pump 
could  produce  a perfect  vacuum,  the  mercury  in 
this  long  gage  would  rife  as  high  as  it  does  in  a 
common  barometer  j but  as  the  pjmp  cannot  ex- 
hauft  fo  far,  therefore  the  difference  of  altitude  be- 
tween the  mercury  of  the  long  gage,  and  that  of  a 
common  barometer,  (hews  tne  quantity  of  air  that 
remains  in  the  receiver.  This  difference  of  alti- 
tude is  fhewn  by  a fcale  of  inches  and  parts  of 
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inches,  which  is  always  affixed  to  the  long  barome- 
ter gage.  As  the  altitude  of  the  mercury  in  a 
common  barometer,  is  to  the  contemporaneous  al- 
titude of  the  mercury  in  the  long  barometer  gage, 
To  is  the  whole  quantity  of  air  which  was  in  the  re- 
ceiver before  the  rarefaction,  to  that  quantity  which 
has  been  drawn  out  of  it. 

The  fyphon  gage  is  nothing  more  than  the  fliort 
barometer  gage,  except  that  inftead  of  terminating 
in  a little  cittern,  in  this  gage  the  tube  is  bent  and 
riles  upwards  with  its  aperture,  which  by  means  of 
a brafs  tube  is  made  to  communicate  with  the  infide 
of  the  pump  ; fo  that  the  afcending  leg  of  the  tube 
performs  the  office  of  a cittern  ; hence,  in  rarefying 
the  air,  the  mercury  defcends  from  the  clofed  end 
of  the  tube,  and  rifes  into  the  afcending  leg ; there- 
fore the  altitude  of  it  in  one  leg  above  its  altitude 
in  the  other  leg  (which  leg  in  fad  is  the  ciftern) 
fhews  the  degree  of  rarefaction,  and  this  altitude  is 
denoted  by  an  annexed  fcale  of  inches  and  parts  of 
inches.  Such  a gage  is  partly  feen  at  g,  fig.  2. 
Plate  XVI. 

The  above-mentioned  gages  evidently  indicate  the 
elafticity  of  the  fluid,  which  remains  in  the  receiver 
of  the  pump  after  a certain  degree  of  rarefadion ; 
and  it  is  immaterial  whether  that  elaftic  fluid  be  air, 
or  vapour  of  water,  or  other  elaftic  fluid ; but  there 
is  another  gage,  which  from  its  fliape  was  called,  the 
pear-gage , by  its  inventor,  Mr.  Smeaton,  and  which 
fhews  (not  at  the  adual  time,  but  after  the  read- 
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mifilon  of  air  into  the  receiver)  how  much  air  was 
left  in  the  receiver  in  the  preceding  rarefaction. 

The  pear-gage  confifts  of  a glafs  veflel  A,  fig.  6. 
Plate  XVI.  which  has  a finall  projecting  orifice  B, 
and  at  the  other  end  is  extended  into  a tube  clofed 
at  D ; the  capacity  of  this  tube  is  the  hundredth 
part  of  the  capacity  of  the  whole  veflel.  This  gage 
is  fufpended,  with  its  aperture  downwards,  to  the 
lower  end  of  a flip -wire  (viz.  a wire  which  pafles 
through  a collar  of  leathers)  within  a glafs  re- 
ceiver of  the  pump,  and  exaCtly  under  it,  a little 
cup,  containing  quickfilver,  is  placed  upon  the  plate 
of  the  pump.  When  the  pump  has  been  worked 
to  the  intended  degree,  the  air  in  the  pear-gage  is 
evidently  rarefied  as  much  as  it  is  in  the  receiver. 
In  that  ftate,  by  lowering  the  flip-wire,  the  pear-gage 
is  let  down  till  its  aperture  B lias  reached  the  bot- 
tom of  the  mercury.  This  done,  the  external  air 
is  admitted  into  the  receiver;  but  it  cannot  be  ad- 
mitted into  the  pear-gage,  becaufe  the  aperture  B 
of  that  gage  is  now  immerfed  in  the  quickfilver;  but 
the  prefiure  of  the  atmofphere  on  the  furface  of  the 
quickfilver,  forces  that  fluid  metal  into  the  pear-gage, 
and  fills  it  up  to  a certain  degree  E ; then  the 
•upper  part  D E of  the  gage  will  contain  all  the 
air  or  vapour  which  occupied  the  whole  cavity  of 
the  gage  during  the  rarefaction.  There  is  a divided 
fcale  annexed  to  the  upper  part  D E of  the  gage, 
which  fliews  what  part  of  the  capacity  of  the  whole 
gage  is  filled  with  air,  and  of  courfe  it  mani&fts 
- the 
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the  degree  to  which  the  rarefadtion  of  the  air  had 
been  carried.  For  inftance,  if  we  find  that  the 
part  D E of  the  gage,  which  is  filled  with  air  above 
the  quickfilver,  is  the  500th  part  of  the  whole,  we 
may  conclude,  that  the  air  in  the  receiver  had  been 
rarefied  500  times,  &c. 

But  a very  confiderable  difference  muff  be  re- 
marked between  the  indications  of  this,  and  of  the 
preceding  gages. 

When  the  receiver  contains  no  other  fluid  befides 
air,  then  the  pear-gage  and  the  other  gages  indicate 
the  fame  degree  of  rarefadtion  ; but  if  the  receiver 
contain  the  vapour  of  water,  or  of  other  liquor, 
then  the  pear-gage  will  indicate  a much  greater  de- 
gree of  rarefadtion  than  the  other  gages ; becaule 
the  vapour  which  has  elafticity  fufficient  to  fupply 
the  place  of  air  in  the  receiver,  on  the  readmiffion 
of  air,  is  condenfed  into  a fpacc  vaftly  fmaller  than 
the  lame  quantity  of  rarefied  air  can  be  condenfed 
into;  fo  that  the  pear-gage  (hews  the  quantity  of  air 
alone  which  had  been  left  in  the  receiver ; whereas 
the  other  gages  Ihew  the  quantity  of  elaftic  fluid 
which  is  adtuallv  remaining  in  the  receiver. 

Fig.  16.  Plate  XVI.  reprefents  a veflel  proper 
for  weighing  air.  It  is  a glafs  veflel  in  the  fhape 
of  a Florence  fiafk,  having  a focket  of  brafs  with  a 
ftop-cock  cemented  on  its  neck.  The  aperture  A 
of  the  brafs  part  is  formed  into  a ferew,  which 
fits  the  ferew  in  the  middle  of  the  plate  of  the 
pump. 
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This  veflel,  being  fcrewed  on  the  pump,  and 
the  flop- cock  B being  opened,  is  exhaufted ; then 
the  (lop-cock  is  turned  fo  as  to  fhut  up  the  aper- 
ture, the  veflel  is  unfcrewed  from  the  pump,  and 
js  weighed  in  an  accurate  pair  of  lcales.  This  done, 
the  (lop-cock  B is  opened,  and  the  air  is  admitted 
into  the  veflel,  which  is  then  weighed  again,  in 
which  date  it  will  be  found  to  weigh  more  than  it 
did  in  its  exhaufted  (late.  The  difference  of  the 
two  weights  is  the  weight  of  a quantity  of  air,  of  the 
actual  denfity  of  the  atmofphere,  equal  in  bulk  to 
the  capacity  of  the  veflel.  Yet,  fince  no  air-pump 
produces  a perfedt  vacuum,  the  above-mentioned 
veflel,  in  what  we  have  called  its  exhaufted  (late, 
does  actually  contain  a fmall  quantity  of  air,  which 
renders  the  refult  inaccurate.  But  this  inaccuracy 
may  be  corredled  in  a very  eafy  manner,  by  obferv- 
ing  the  precife  degree  of  rarefaction,  as  indicated  by 
the  gage,  and  allowing  for  the  remaining  quantity 
of  air.  Thus,  for  initance,  fuppofe  that  the  gage 
indicates  that  the  air  has  been  rarefied  80  times ; 
therefore  the  air  which  remains  in  the  veflel,  is  the 
8oth  part  of  its  whole  capacity.  In  this  (late  let 
the  veflel  weigh  9000  grains,  and  when  full  of  air, 
let  it  weigh  9160  grains,  the  difference  of  which 
weights  is  160  grains,  and  this  is  the  weight  of  a 
quantity  of  air  equal  to  -^ths  of  the  capacity  of 
the  glafs ; therefore  the  160  grains  muft  be  in- 
creafed  by  the  80th  part  of  that  number,  viz.  of 
2 grains,  then  the  fum,  which  is  162  grains,  is 
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the  weight  of  a quantity  of  air  equal  to  the  whole 
capacity  of  the  veflel. 

If  inftead  of  weighing  common  air,  in  the  above- 
mentioned  veflel,  it  be  required  to  weigh  fome  other 
fort  of  permanently  elafiic  fluid,  the  operation  muft 
proceed  as  above,  excepting  that  before  the  ftop- 
cock  B be  opened,  previoufly  to  the  lecond  weigh- 
ing, the  end  A mud  be  ferewed  or  faftened  to  the 
neck  of  a bladder,  or  other  receiver,  full  of  that 
other  fort  of  elaftic  fluid  ; fo  that  the  veflel  may  be 
filled  with  it,  inftead  of  common  air.  It  is  then 
weighed  again,  &c. 

! The  Condenfing  Engine . 


The  principle  of  the  condenfing  engine  will  be 
eafily  comprehended  ; for  if  in  the  exhaufting  en- 
gine, fig.  1 8.  Plate  XVI.  the  valves  be  reverfed, 
viz.  the  valves  at  B,  and  at  G in  the  pifton,  be 
turned  upfide  down,  that  engine  will  become  a 
condenfing  engine  j fince  in  that  cafe,  when  the 
piflon  is  drawn  towards  A,  the  air  will  rufh  through 
the  valve  at  E,  into  the  barrel ; and  when  afterwards 
the  pifton  is  pufhed  downwards,  the  air  of  the 
barrel  will  be  pufhed  through  the  valve  at  B,  and 
will  be  condenfed  into  the  veflel  D.  Yet  an  ex- 
haufting fyringe  is  made  in  a manner  ftill  more 
Ample ; fee  fig.  15.  of  Plate  XVI.  The  cylinder 
has  one  valve  at  its  lower  aperture  B,  which  opens 
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outwards ; the  pifton  is  not  perforated,  but  folid  ; 
and  there  is  a hole  on  the  fide  of  the  barrel,  at  C. 
When  the  pifton  is  drawn  upwards,  a vacuum  is 
formed  in  the  lower  part  of  the  barrel  ; but  as  foon 
as  the  lower  part  of  the  pifton  is  railed  above  the 
hole  C,  the  air  rufhes  through  that  hole,  and 
fills  the  barrel;  then,  on  lowering  the  pifton,  the 
air  is  condenfed  into  the  lower  part  of  the  barrel, 
and  is  forced  cut  at  B,  into  any  veffel,  to  which 
that  end  of  the  fyringe  is  fere  wed.  With  this  fy- 
ringe  the  air  is  condenfed  into  the  infide  of  a water 
fountain,  or  of  a wind-gun,  which  inirruments  arc 
fo  commonly  deferibed  in  philofophical  works,  &c. 
that  they  need  not  be  inferted  in  this  place.  But  for 
the  purpofe  of  performing  a variety  of  philofophical 
experiments  in  condenfed  air,  fuch  a fyringe  is 
adapted  to  a frame  and  apparatus,  as  at  fig.  i. 
Plate  XVII.  and  this  apparatus  is  commonly  de- 
nominated a condenfmg  engine. 

CD  is  abrafs  condenfmg  fyringe,  which,  when  by 
applying  the  hand  at  Z,  the  pifton  is  moved  alter- 
nately up  and  down,  forces  the  air  through  the  brafs 
pipe  D N F,  into  the  glafs  receiver  A B.  This  re- 
ceiver muft  be  very  thick,  and  well  annealed  : it  is 
fet  with  its  fmoc-th  and  flat  edge  on  the  plate  of  the 
machine,  which  is  fimilar  to  the  plate  of  an  air- 
pump  ; a thick  piece,  L M,  of  brafs,  is  applied  in  a 
fimilar  manner  to  tire  upper  aperture  of  the  glafs 
receiver,  and  a flip-wire  paftes  through  a collar  of 
leathers  in  this  brafs  piece.  As  the  force  of  the 
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condenfed  air  would  lift  up  the  brafs  piece,  L M, 
from  over  the  receiver,  or  life  up  the  latter  from  the 
plate,  fo  the  receiver  and  brafs  piece  are  kept  down 
by  the  crofs  piece  of  wood  G H,  which  is  adjufted 
by  means  of  the  ferew-nuts  on  the  Heady  pillars  I,  K. 

There  is  a gage,  EF,  annexed  to  this  machine, 
which  indicates  the  condenfation  of  the  air  within 
the  receiver  and  tube  of  communication.  It  con- 
fids  of  a ftrong  and  narrow ‘glals  tube  hermetically 
clofed  at  E,  and  connected  with  the  brafs  pipe 
of  communication  at  F.  A lm all  quantity  of  quick- 
filver  fills  up  a fhort  part  of  the  cavity  about  the 
middle  of  the  tube,  and  the  fpace  between  the  mer- 
cury and  the  clofed  end  E of  the  tube,  contains  air 
of  the  ufual  denfity.  Now  when  the  air  is  condenfed 
in  the  receiver,  in  the  tube  of  communication,  &c.  the 
mercury  is  thereby  impelled  farther  towards  E,  and 
the  contraction  of  that  fpace,  which  is  fhewn  by  an 
annexed  fcale,  fhews  the  degree  of  condenfation; 
for  inftance,  if  the  air  which  ds  contained  in  that 
fpace  is,  by  the  condenfation,  forced  into  half  the 
fpace  it  occupied  before,  the  conclufion  is,  that  the 
air  within  the  receiver  is  as  denfe  again  as  it  was 
previous  to  the  condenfation  ; and  this  is  generally 
expreffed  by  faying,  that  then  the  receiver  does 
contain  two  atmofpheres  ; if  the  air  at  E be  con-* 
tracired  into  a quarter  of  its  original  fpace,  then  four 
atmofpheres  have  been  forced  into  the  receiver, 
and  fo  on  *. 

* The  condenfation  is  inverfely  as  the  fpace  occupied  by 
the  air  at  the  extremity  E of  the  gage. 
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Certain  air-pumps,  as  that  of  Mr.  Smeaton,  and 
the  firft  which  was  contrived  by  Mr.  Haas,  can  be 
made  to  exhauft  or  to  condenfe  at  pleafure,  which 
is  done  by  changing  the  communication  between 
the  cylinders  and  the  plate  of  the  pump ; for  as  in 
thofe  pumps  the  air  is  rarefied  towards  one  end,  and 
is  condenfcd  towaids  the  other  end  of  each  barrel, 
the  machine  will  exhauft  if  the  former  end  of  the 
barrel  be  made  to  communicate  with  the  plate  of 
the  pump,  and  the  latter  with  the  atmofphere  ; but 
it  will  become  a condenfer,  if  the  latter  end  of  the 
barrel  be  made  to  communicate  with  the  hole  in 
the  centre  of  the  plate,  and  the  former  with  the 
atmofphere. 
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CHAPTER  XV. 


CONTAINING  THE  PRINCIPLES  OF  CHEMISTRY,  AND 
PARTICULARLY  THE  DESCRIPTION  OF  THE  PRIN- 
CIPAL OPERATIONS  AND  APPARATUS. 

/ 

HEMISTRY  is  the  fcience  which  endeavours 


to  afcertain  the  number,  the  quantities,  and 
the  properties,  of  the  condiment  principles  of  ail 
natural  bodies.  It  alfo  endeavours  to  form  new  or 
artificial  compounds. 

The  feparation  of  the  component  principles  of  a 
body  from  one  another,  is  called  analyfis.  The 
formation  of  compound  bodies  from  fimpler  fub- 
ftances,  is  called  Jynthefis. 

Both  the  analyfis  and  the  fynthefis  are  per- 
formed by  means  of  certain  operations,  which  are 
therefore  called  chemical  operations , or  chemical  pro- 
cejfes. 

It  has  been  faid  above,  page  19.  that  there  is  a 
mutual  attration  between  the  parts  of  the  fame  fub- 
ftance,  which  is  called  attra&ion  of  aggregation  ; 
and  that  there  is,  likewife,  a mutual  attraction  be- 
tween the  heterogeneous  parts  of  different  bodies, 
which,  when  it  is  merely  fuperficial,  is  called 
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attraction  of  cohefion ; but  it  is  called  attraction  oj 
affinity , cr  of  comp  ofit ion y when  it  produces  an  inter- 
mixture of  two  or  more  heterogeneous  fub- 
ftances,  and  a change  of  fome,  at  leaft,  of  their 
properties. 

Nov/  it  mud:  be  remarked,  that  the  affinity  of 
one  fubftance  to  another,  differs  in  degree  accord- 
ing to  the  different  fubftances ; and  it  is  upon  the 
difference  of  thofe  affinities  that  the  operations  of 
chemiitry  are  eftabliffiedj  for  if  the  affinity  between 
two  bodies  were  equal  to  the  affinity  between  any 
two  other  bodies,  chemiftry  could  not  exift.  Thus 
for  inffiance,  it  is  known  that  A and  B have  a 
certain  degree  of  attraction  or  affinity  towards  each 
other ; alio,  that  there  is  a greater  affinity  between 
A and  C ; and  a much  greater  affinity  between  C 
and  D.  Now,  if  I wiffi  to  analize  a certain  body, 
which  is  a compound  of  A and  B,  I mix  that  body 
with  the  body  C,  in  confequence  of  which,  as  C 
has  a greater  affinity  to  A than  to  B,  the  given 
body  will  be  decompofed  ; and  one  of  its  ingre- 
dients, viz.  A,  will  form  a new  compound  with  C, 
whilft  the  other  ingredient  B will  be  left  by  itlelf. 
Then  I mix  the  new  compound  of  A and  C,  with 
D,  in  confequence  of  which  this  new  compound 
will  be  decompofed,  C will  adhere  to  D,  and  A 
will  be  left  by  itfelf.  Thus  I obtain  A and  B,  viz. 
the  two  components  of  the  given  body,  in  a feparate 
ftate. 

The  attraction  of  aggregation  counteracts,  or  is 
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oppofite  to  the  attraction  of  affinity;  for  the  weaker 
one  of  them  becomes,  the  greater  power  will  be 
gained  by  the  other. 

The  attraction  of  affinity  aCts  more  powerfully  in 
proportion  as  the  quantity  of  contaCt  between  the 
different  bodies  is  increafed ; hence  the  aCtion  be- 
tween two  bodies  that  have  a certain  affinity,  is  weak 
or  imperceptible  when  both  the  bodies  are  in  a hard 
folid  (late ; it  becomes  ftronger  when  the  bodies 
are  foftened  by  means  of  heat,  (which  diminilhes 
the  attraction  of  aggregation)  or  when  they  are  pul- 
verized and  intermixed  : — ftronger  (till,  when  one 
of  the  bodies  is  in  a fluid  ftate ; and  it  will  become 
as  aCtive  as  polflble,  when  both  the  bodies  are  in  a 
fluid  ftate.  Therefore,  in  order  to  decompofe,  or 
to  compofe,  different  bodies,  it  is  neceffary  to  pul- 
verize, or  to  heat,  or  to  mix,  or,  in  fliort,  to 
perform  diverfe  operations  with  a variety  of  ne- 
ceffary inftrumencs,  according  as  may  be  required 
by  the  nature  and  properties  of  the  different  arti- 
cles. Hence  the  whole  fubjeCt  of  chemiftry  con- 
flfts,  iff,  of  the  art  of  performing  the  neceffary  ope- 
rations ; and  zdly,  of  the  knowledge  of  the  princi- 
pal faCts,  which  have  been  al'certained  by  means  of 
thole  operations.  The  fecond  of  thofe  objeCfs  is 
what  immediately  belongs  to  the  prefent  part  of 
thefe  elements  of  natural  philofophy,  which  treats  of 
the  peculiar  properties  of  bodies  ; we  fhall  never- 
thelefs  premife  a competent  accour.'  of  the  principal 
operations,  through  which  moft  of  the  peculiar  pro- 
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perties  of  bodies  have  been  afcertained,  and  by  the 
means  of  which  new  difcoveries  may  be  made. 

'Trituration,  pulverization,  and  levigation , (viz. 
the  reduction  of  folids  into  powders  of  different 
finenefs)  are  performed  by  means  of  the  hammer, 
rafps,  files,  graters,  mortars  and  peftles,  or  a flat  done 
and  muller.  Moft  of  thofe  tools,  viz.  the  hammer, 
mortars,  peflles,  flones  and  muller,  are  either  of 
wood,  or  metal,  or  glafs,  or  porcelain,  or  marble,  or 
agate,  &c.  according  to  the  hardnefs  and  other  pro- 
perties of  the  articles  that  are  to  be  pulverized.  But 
thefe  mull  be  confidered  amongft  the  preliminary 
operations;  for  they  only  alter  the  bulk,  and  not  the 
nature  of  the  articles  ; fince  every  particle  of  a pul- 
verized body  is  a lmall  whole  of  that  body;  whereas 
the  real  chemical  operations  deftroy  the  aggregation 
of  bodies,  feparate  their  conftituent  principles,  form 
new  compounds,  and  alter  feme  of,  if  not.  all,  their 
properties. 

The  feparation  of  the  finer  parts  of  bodies  from 
the  coarfer,  which  may  want  farther  pulverization, 
is  performed  by  means  of  Jtfting , or  wajhing. 

A fteve , for  fitting,  generally  confifts  of  a cylin- 
drical band  of  thin  wood,  or  metal,  having  acrofs 
its  middle  a perforated  diaphragm  of  filk,  or  lea- 
ther, or  hair,  or  wire. 

Sieves  are  of  different  fizes  and  different  finenefs. 
Fig.  3.  of  Plate  XVII.  fhews  a fieve  of  the  bed 
conftrudtion.  It  confifis  of  three  parts,  A,  B,  C. 
The  middle  part  B is  properly  the  fieve ; D is  the 
perforated  diaphragm,  through  which  the  powder 
•+-  pafies ; 


Defer iption  of  the  principal  Operations , &c.  499 

paffes  ; C is  a bottom  which  may  be  put  on,  or 
taken  off,  the  lower  part  of  B,  and  lerves  to  re- 
ceive the  powder  that  paffes  through  the  fieve  ; A 
is  a top  or  lid,  which  is  placed  on  the  upper  part 
of  B,  and  ferves  to  prevent  the  falling  off,  or  the 
diffipation  into  the  air,  of  the  materials.  When  all 
the  three  parts  are  together,  tl^e  lhape  of  the  fieve 
is  as  in  fig.  7.  Plate  XVII.  , 

By  wafhing,  one  may  feparate  powders  of  an  uni- 
form finenefs  much  more  accurately  than  by  means 
of  the  fieve  5 but  it  can  only  be  ufed  for  fuch  fub- 
ftances  as  are  not  acted  upon  by  the  fluid  which 
is  ufed.  The  powdered  fubfiance  is  mixed  with, 
and  is  agitated  in,  water,  or  other  convenient  fluid  ; 
the  liquor  is  allowed  to  fettle  for  a few  moments, 
and  is  then  decanted  off;  the  coarfeft  powder  re- 
mains at  the  bottom  of  the  veffiel,  and  the  finer 
paffes  over  with  the  liquor.  By  repeated  decanta- 
tions in  this  manner,  various  fediments  are  obtained 
of  different  degrees  of  finenefs ; the  laid,  or  that 
which  remains  longeft  fufpended  in  the  liquor,  be- 
ing the  fineft. 

Filtration  is  a finer  fpecies  of  lifting.  It  is  fifting 
through  the  pores  of  paper,  or  flannel,  or  fine 
linen,  or  fand,  or  pounded  glafs,  or  porous  ftones, 
2nd  the  like;  but  it  is  ufed  only  for  feparating 
fluids  from  folid  or  groffifh  particles,  that  may 
happen  to  be  fufpended  in  them,  and  not  chemically 
combined  with  the  fluids.  1 hus  fait  water  cannot 
be  deprived  of  its  fait  by  filtration;  but  muddy 
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water  may.  No  folid,  even  in  the  form  of  pow- 
der, will  pafs  through  the  above-mentioned  filter- 
ing fubftances  ; hence,  if  water  or  other  fluid,  con- 
taining fand,  infefts,  mud,  &c.  be  placed  in  a 
bag,  or  hollow  veffcl,  made  of  any  of  thofe  fub- 
ftances, the  fand,  he.  will  remain  upon  the  filter, 
and  the  liquor  will  pafs  clear  through  the  filter,  and 
may  be  received  in  a veffel  placed  under  it*. 

Lixiviation  is  the  feparation  by  means  of  water, 
or  other  fluid,  of  fuch  fubftances  as  are  foluble  in 
that  fluid,  from  other  fubftances  which  are  not 
foluble  in  it.  Thus,  if  a certain  mineral  confift 
of  fait  and  fand,  or  fait  and  clay,  he.  the  given 


* Filtering  paper  is  paper  without  fize.  For  this  pur- 
pole  the  piece  of  paper  is  fhaped  into  the  form  of  a cone, 
and  is  placed  into  a funnel,  in  order  to  fupport  it,  otherwife, 
when  wet,  it  would  eafily  break. 

Filtering  ftones  and  filtering  bafons,  either  natural  or 
artificial,  for  the  purpofe  of  purifying  water,  are  not  un- 
frequently  ufed  in  this  and  other  countries.  Rocky  moun- 
tains, beds  of  fand,  gravel,  &c.  are  natural  filters. 

The  compofition  for  making  filtering  balons  for  purifying 
water,  confifis  of  equal  parts  of  tobacco-pipe  clay,  and  coarfe 
lea,  river,  drift,  or  pit  fand.  The  bafons  are  formed  and 
turned  on  a potter’s  wheel.  They  fhould  be  about  | of  an 
inch  thick.  When  the  veflels  are  of  the  ufual  degree  of 
drynefs,  the  whole  outfide  and  infide  furface  muft  be  fhaved 
or  turned  off  on  a potter’s  wheel  ; and,  when  perfectly  dry, 
thofe  bafons  are  burnt  or  baked  in  a potter’s  kiln  after  the 
afual  manner. 
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body  being  broken  into  powder,  is  placed  in  water, 
which  will  diflolve  the  fait,  and  keep  it  fufpended, 
whilft  the  earthy  matter  falls  to  the  bottom  of  the 
velTel,  and,  by  means  of  decantation,  may  be  fe- 
parated  from  the  fluid.  If  the  fait,  or  other  fub- 

ftance,  which  is  diflolved  in  the  fluid,  be  required 

\ 

to  be  feparated  from  it,  then  recourfe  mull  be 
had  to 

Evaporation,  which  feparates  a fluid  from  a folid, 
or  a more  volatile  fluid  from  another  which  is  lefs 
volatile. 

Simple  Evaporation,  properly  fpeaking,  is  ufed 
when  the  more  volatile  or  fluid  fubftance  is  not 
to  be  preferved ; and,  in  that  cafe,  the  evaporation 
is  performed  in  veflels  of  wood  or  glals,  or  por- 
celain or  metal,  &c.  which  are  either  limply  ex- 
pofed  to  the  air,  or  are  placed  upon  a fire,  more 
or  lefs  aflive,  according  to  the  nature  of  the  fub- 
ftances. 

When  the  fluid,  which  is  evaporated,  muft  be 
preferved,  then  the  operation  is  called  dijlillation , 
and  is  to  be  performed  in  other  veflels,  which  are 
called  retorts , alembics,  Jlills , &c.  made  either  of 
glafs,  or  porcelain,  or  metal,  &c. 

The  office  of  thofe  veflels  is  to  condenfe  the  va- 
pour into  a liquid  form,  and  to  convey  it  into  a re- 
cipient. The  evaporation  is  performed  by  means  of 
heat the  conaenfation  by  means  of  cold  ; there- 
fore the  body  of  any  of  thofe  veflels,  which  receives 
the  materials,  mull  be  placed  upon  a fire,  or  hoc 

%.  k 3 place  ; 
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place ; but  that  part  of  the  veflel  which  condenfes 
the  vapour,  and  is  hence  called  the  refrigeratory 
muft  be  rendered  fufficiently  cool  for  the  pur- 
pofe. 

Fig.  i.  Plate  XVII.  reprefents  a retort.  In 
this  diftilling  inftrument,  the  materials  are  placed 
in  the  body  E A F,  and  the  bottom  A is  placed 
upon  the  fire*.  The  vapours  which  rife  from  the 
materials  at  E F,  pafs  through  the  tube  EBC, 
which  being  at  fome  diftance  from  the  fire,  and 
therefore  cooler,  condenfes  the  vapour  into  liquid 
drops,  which,  on  account  of  the  inclination  of  the 
tube  B C,  run  down  into  the  recipient  Id,  which  is 
adapted  to  the  neck  of  the  retort  f.  Thus  the  folid 
part  of  the  materials  in  E A F remains  in  the  re- 
tort, and  the  fluid  part  pafles  over  into  the  re- 
ceiver. 


* In  order  to  prevent  its  breaking,  the  bottom  of  the 
retort  is  generally  covered  with  fome  auhefive  fubftance, 
which  can  ftand  the  fire,  fuch  as  clay,  a mixture  of  lime  and 
clay,  &c.  this  is  called  luting  the  retort ; or  the  retort  is 
placed  in  a bafon  of  fand  or  water,  and  this  bafon  is  then 
placed  immediately  upon  the  fire. 

f The  receiver  muft  not,  in  moft  cafes,  be  clofed  very 
accurately  upon  the  neck  of  the  retort;  for  that  may  occa- 
fion  the  burftingof the  inftrument;  but  when  that  accurate 
clofing  is  practicable,  it  may  be  accomplifhed  by  the  appli- 
cation of  wet  paper,  or  wet  rags,  or  a mixture  of  wax  and 
turpentine,  ora  mixture  of  whitening  and  oil,  &c. 
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This  inftrument  is  ufed  when  the  quantity  of  ma- 
terials is  fmall ; and  the  vapours  may  eafily  be 
condenfed;  othervvile  an  alembic,  fuch  as  fig.  4. 
Plate  XVII.  is  tiled.  This  inftrument  confifts  of 
two  parts.  A B is  the  body  which  receives  the 
materials.  AC  is  the  capital,  which  is  joined  dole 
to  the  body.  The  upper  part  of  the  capital  is 
formed  into  a bafon  C,  in  which  cold  water  is 
placed,  which  condenfes  the  vapour  in  the  cavity  i, 
lo  that  the  drops  of  liquor  fall  in  the  grove  0,  0 , 
and  come  out  of  the  tube  D into  the  recipient.  In 
diftilleries  and  other  large  works,  the  capital  has  not 
the  bafon  or  refrigeratory  C but  the  tube  D is 
made  very  long,  and  is  fhaped  into  a lcrew-like 
form,  called  a worm , which  is  placed  into  a tub  of 
water,  and  has  its  aperture  out  on  one  fide  of  the 
tub.  Then  that  worm  and  tub  forms  the  refri- 
geratory. 

When  the  materials  which  are  evaporated  in  the 
body  of  the  diftilling  veflels,  concrete  not  in  a fluid 
but  in  a folid  form,  within  the  neck  of  the  retort 
or  tube,  &c.  then  that  diftillation  is  more  properly 
called  fublimation. 

By  the  above  means  one  fluid  may  be  feparated 
from  other  materials  ; but  it  often  happens  that  in 
diftillation  feveral  fluids  are  produced,  fome  of 
which  are  permanently  elaftic,  and  all  or  molt  of 
them  may  be  required  to  be  preferved.  In  this 
cafe,  another  fort  of  apparatus  mull  be  ufed, 

, which  is  called 
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Hoc  Apparatus  for  Pneumato-chemical  Difl illations. 
See  fig.  5.  Plate  XVII.  A is  a tubulated  retort*, 
adapted  to  the  recipient  B,  which  has  two  necks. 
To  the  upper  neck  of  this  recipient  is  fitted  a bent 
tube  CDE,  whofe  other  extremity  reaches  as  far 
as  very  near  the  bottom  of  the  recipient  G.  This 
recipient  has  three  necks  a , b , c,  into  the  fird  of 
■which  the  end  of  the  tube  D E is  fitted  ; into  the 
fecond,  b , an  open  tube,  which  reaches  very  near 
the  bottom  of  G,  is  fitted  ; and  to  the  lad  neck,  <r, 
a crooked  tube  is  adapted,  which  opens  and  dif- 
charges  the  eladic  fluid  into  a proper  receiver. 
Sometimes  two  or  three,  or  more,  veflels,  like  G, 
are  interpofed  ; viz.  indead  of  the  crooked  tube  F, 
a tube,  like  CDE,  is  adapted  to  the  vefiel  G,  and 
to  the  next  which  is  fimilar  to  it,  and  fo  on  ; then 
the  crooked  tube  F is  applied  to  the  lad  neck  of  the 
lad  of  thofe  veflels. 

When  this  apparatus  is  properly  connetted.  the 
materials  are  put  into  the  retort  through  the  hole 
O,  and  a proper  degree  of  heat  is  applied  to  the 
bottom  of  the  retort  then  the  produces  will  be 
collected  in  different  parts,  viz.  what  is  fublimed, 
or  concreted,  in  a compact  form,  adheres  to  the 
neck  of  the  retort ; the  fluid  of  eafied  condenfation 
is  colleded  into  the  receiver  B;  the  eladic  vapours. 


* When  the  retort  has  a hole  and  ftopple,  as  at  O,  which 
is  ufeful  for  introducing  or  dining  the  materials ; it  is  then 
Called  a tubulated  retort. 


which 


Dejcription  of  the  principal  Operations , G?r.  505 

which  are  condenfable  in  water,  will  be  combined 
with  the  diftilled  water,  which  mult  be  placed  at  the 
bottom  of  the  vefTel  G,  and  thofe  which  are  not 
fufceptible  of  being  thus  abforbed,  pafs  through 
the  tube  F into  a proper  receiver,  or  they  may  be 
made  to  pafs  through  other  fucceffivc  vefiels  fimilar 
to  G,  in  which  fuch  other  fluid  may  be  placed, 
as  may  be  capable  of  abforbing  one  or  more  of 
the  permanently  elaftic  fluids.  The  tube  H ferves 
to  admit  fome  atmofpheric  air,  in  cafe  the  water  in 
G fhould  abforb  the  produced  elaftic  fluid  too 
quickly. 

In  certain  cafes  of  mixtures,  the  produce  is 
merely  an  elaftic  fluid,  which  is  required  to  be 
collected.  For  this  purpofe,  the  veflfel  reprefented 
in  fig.  6.  Plate  XVII.  is  very  ufeful. . It  confifts 
of  a body  A,  to  which  a perforated  ftopple,  with 
the  crooked  tube  C,  is  adapted.  The  materials 
are  placed  in  A,  and  the  elaftic  fluid  which  is 
generated,  paflfes  through  BCD,  into  a proper 
receiver. 

Such  receiver,  and  the  reft  of  the  apparatus 
proper  for  receiving,  meafuring,  mixing,  and  per- 
forming other  operations  on  permanently  elaftic 
fluids,  is  delineated  in  fig.  8.  Plate  XVII. 
A B C D E is  a wooden  trough,  having  a flnelf 
F,  G,  and  filled  with  water  as  high  as  about  an 
inch  or  two  above  the  flielf.  ' There  are  feveral 
glafs  jars,  or  receivers,  as  II,  I,  K,  L,  which  ferve 
for  retaining,  mixing,  meafuring,  and  otherwife 

ufing 
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fifing  the  permanently  elaftic  fluids.  Thofe  jars  are 
fir  ft  filled  with  water  in  the  trough,  then  they  are 
turned  upfide  down,  and  being  lifted  up  gently,  fo 
as  not  to  elevate  their  aperture  above  the  water, 
they  are  placed  upon  the  fnelf,  as  reprefented  at  G. 
Then  if  a veflel  full  of  air  be  placed  with  its  aper- 
ture downwards  into  the  water  of  the  trough,  and 
there  it  be  turned  upfide  down,  juft  under  one  of  the 
jars  full  of  water,  the  air  or  permanently  elaftic 
fluid  being  the  lighter  fluid  of  the  two,  will  afeend 
into  the  latter  veil'd,  and  all  or  part  of  the  water  will 
come  out  of  it,  according  to  the  quantity  of  air  in- 
troduced. 

For  the  purpofe  of  rendering  this  operation  more 
commodious,  fome  holes  are  feen  in  the  fhelf, 
which  are  the  apertures  or  apexes  of  as  many  in- 
verted funnels,  or  little  domes  dug  out  of  the  thick- 
nefs  cf  the  fnelf  fo  that  when  a veflel  full  of  air  is 
inverted  under  one  cf  thofe  holes,  whereupon  ajar 
full  of  water  is  placed  as  at  G,  the  air  will  come 
out  of  the  former  veffel,  and  paffing  through  the 
hole  in  the  fnelf,  will  enter  the  latter  veflel. 

At  F there  is  leprefented  a jar  which  receives 
tire  air  that  is  generated  from  the  materials  in  the 
phial  M,  fmnilar  to  the  phial,  fig.  6.  There  the 
phial  is  reprefented  as  heated  by  the  flame  of  a 
candle,  which  in  feveral  experiments  muft  be  done, 
in  order  to  affift  the  extrication  of  the  elaftic  fluid. 
This  fluid  is  conveyed  through  the  crooked  tube, 
and  is  difeharged  under  one  ot  the  holes  of  the  fhelt 

through 
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through  which  it  pafles  into  the  receiver  I,  and  in 
proportion  as  the  elaftic  fluid  afcends  under  the  form 
of  bubbles,  the  water  lubfides. 

A fmall  glafs  veflel  L,  capable  of  containing  about 
an  ounce  meafure,  is  ufed  as  a meafure  of  a per- 
manently elaftic  fluid  ; for  if  this  phial  be  l’uc- 
ceftively  filled  and  inverted  under  a large  jar,  vve 
may  thereby  throw  into  that  jar  any  required 
quantity  of  an  elaftic  fluid,  or  as  many  meafures  of 
one  elaftic  fluid,  and  as  many  of  another,  as  we 
pleafe. 

When  a glafs  jar  is  partly  filled  with  an  elaftic 
fluid,  we  may  meafure  the  quantity  of  that  fluid  by 
meafuring  the  diameter  and  altitude,  or  the  capa- 
city of  that  part  of  the  veflel,  in  the  ufual  geome- 
trical way  of  gauging  veflels.  But  for  the  fake  of 
greater  expedition  and  accuracy,  the  contents  of  a 
veflel  are  fometimes  marked  on  the  outiide  of  it. 
Thus  the  tube,  or  narrow  veil'd,  K,  is  marked  on 
the  outfide,  fhewing  the  fpace  which  is  occupied 
by  each  fuccefiive  mealure  of  air,  fuch  as  is  con- 
tained in  the  meafuring  phial  L.  Such  a veflel  as 
K is  moftly  employed  for  examining  the  purity  of 
common  or  refpirable  air.  This  is  done  by  mix- 
ing a certain  quantity,  as  a meafure  or  two,  of  re- 
fpirable air,  with  a certain  quantity  of  another 
permanently  elaftic  fluid,  or  of,  fome  other  liib- 
ftance  capable  of  occafioning  a diminution  of  the 
bulk  of  the  elaftic  fluid,  and  then  meafurtfisi  the  di- 
minution  > for  the  purity  of  the  refpirable  fluid  is 
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proportionate  to  that  diminution.  The  parts  of  a 
meafure  are  iometimes  marked  upon  the  tube  K 
itfelf,  and  at  other  times  are  afcertained  by  the  ex- 
ternal and  occafional  application  of  a divided  fcale. 
The  tube  K,  or  in  general  any  fuch  veffel  as  is 
ufed  for  alcertaining  the  purity  of  refpirable  air,  is 
called  an  Eudiamtcr . 

It  is  fometimes  required  to  remove  an  inverted 
jar  with  its  contents  from  the  fhelf  of  the  trough  : 
this  is  done  by  the  ufe  of  a (hallow  pan  or  di(h, 
which  is  im merged  in  the  water  of  the  trough,  and 
the  jar  is  flipped  in  it ; then  the  whole  may  be  re- 
moved and  placed  wherever  it  may  be  convenient, 
as  at  P.  In  this  cafe  the  (hallow  pan  performs  the 
office  of  a fmall  trough  ; and  for  fuch  purpofes  fe- 
veral  didoes  or  pans  of  different  flzes  fhould  be  had 
in  readinefs. 

Some  elaftic  fluids  are  inflammable,  and  in  order 
to  try  their  inflammability  a fmall  phial  may  be 
filled  with  any  of  them,  and  after  having  (topped 
its  aperture  with  a finger,  it  may  be  removed  from 
the  water;  then  being  brought  with  its  aperture 
near  the  flame  of  a candle,  the  finger  is  removed, 
and  the  elaltic  fluid  will  take  fire,  as  may  be  clearly 
feen  in  the  dark,  and  even  in  the  day  light.  When 
the  quantity  is  not  very  fmall,  a pretty  large  jar  is 
filled  with  it,  and  the  palm  of  the  hand  is  applied 
to  the  aperture  ; in  that  fituation  the  jar  is  removed 
from  the  water,  and  is  turned  with  the  aperture  up- 
wards. Then  having  in  readinefs  a twifled  wire 

with 
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with  a bit  of  lighted  wax  taper  at  its  extremity,  the 
hand  is  removed,  and  the  lighted  taper  is  dipped  in 
the  veil'd,  &c.  as  fhewn  at  (Y 

Some  of  the  permanently  elaftic  fluids  are  ab- 
forbed  by  water;  therefore  they  cannot  be  confined 
by  water.  For  fuch  fluids,  it  becomes  neceflary  to 
life  a trough  full  of  quickfilver ; but  on  account 
of  the  price  and  weight  of  the  mercury,  a much 
fmaller  trough  and  fmaller  glafs  vefifels  mufle  be 
ufed. 

The  folution  of  falts  in  water,  the  diflolution  of 
metallic  and  other  fubftances  in  different  menftrua, 
require  a variety  of  veflels,  whofe  form,  viz.  whether 
open  or  clofe,  or  deep,  &c.  is  eafilv  fuggefted  by 
the  nature  of  the  articles. 

When  a fait  is  dilfolved  in  water  or  other  fluid, 
and  by  evaporation  the  fluid  is  driven  off,  the  fak 
gradually  acquires  the  folid  form,  and  in  doing  this 
it  arranges  its  particles  in  a particular  manner ; as, 
for  inftance,  fome  falts  arrange  themfelves  under  the 
form  of  cubes,  other  under  the  form  of  globules, 
&c.  The  fame  thing  happens  with  fome  earthy 
particles,  and  feveral  other  fubflances.  Now  this 
fpontaneous  regular  arrangement  is  called  cryjlah - 
nation  *. 

Yeffels,  generally  open,  but  fometimes  clofed, 
are  employed  for  fuch  cryflalizations ; and  the  cryf- 


* See  the  Abbe  Hauy’s  Work  on  the  Stru&ure  of 

Cryftals. 
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taiizaticn  of  feme  fubftances  requires  a certain 
temperature,  that  of  others  requires  an  higher,  or 
a lower  temperature  ; hence  the  charged  vefiels 
mud  be  placed  in  cool  places,  &c. 

The  fufion  of  metallic  fubftances  by  means  of 
heat,  requires  vefiels  fuffidently  ftrong  to  refill  the 
fire.  Thofe  vefiels  are  moftly,  if  not  always,  made 
cf  earthenware  or  porcelain,  or  a mixture  of  clay 
and  powder  of  black-lead.  They  are  called  cruci- 
bles, and  their  more  ufual  fhapes  are  reprefented  at 
fig.  9.  Plate  XVII. 

Some  or  thofe  crucibles  have  covers  likewife  of 
earthenware  i but  fometimes  the  fufed  metal  muft 
be  expofed  to  a current  of  air.  In  that  cafe  the 
proper  crucibles  are  fnallow  and  broad,  as  at  fig. 
10.  Plate  XVII.  Thefe  are  called  cuppels , and 
they  are  formed  either  of  calcined  bones,  mixed 
with  a fmall  Quantity  of  clav,  or  of  a mixture  of 
clay  and  black-lead  powder.  But  the  cuppels 
muft  not  be  placed  in  a clofie  furnace,  or  be  fur- 
rounded  by  coals  ; for  in  that  caie  the  required 
current  of  air  could  not  have  accefs  to  the  fufed 
metal.  They  are  therefore  placed  under  a fort  of 
oven  of  earthenware,  which  is  called  a muffle,  as 
reprefented  at  fig.  13.  Plate  XVII.. and  the  muffle, 
containing  the  cupples,  ccc.  is  expoled  to  the  fiie 
of  the  proper  furnace. 

The  various  degrees  of  heat,  which  are  required 
for  the  performance  of  chemical  operations,  viz. 

from  the  heat  of  a fmall  wax  taper,  to  that  of  the 
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molt  powerful  furnace,  render  a variety  of  fire- 
places or  furnaces  necefiary  for  a chemift.  Thofe 
furnaces  are  either  open  at  top,  or  they  are  co- 
vered with  what  is  called  a dome>  and  have  a chim- 
ney, or  tube,  to  carry  off  the  heated  air,  fmoke,  &c. 
They  are  fometimes  fupplied  with  air  from  the 
natural  abtion  of  the  fire,,  which  rarefies  the  air 
about  the  ignited  fuel,  and  the  rarefied  air  be- 
coming  fpecifically  lighter,  afcends  into  the  chim- 
ney, and  other  colder,  and  confequently  heavier, 
air,  is  forced  by  the  atmofphere  to  enter  at  the 
lower  part  of  the  furnace.  Some  furnaces  are 
fupplied  with  air  by- means  of  bellows  ; and  thofe 
are  applied  for  forging  iron,  or  for  reducing  metals 
from  the  ore,  which  is  called  /melting , &c. 
Hence  the  furnaces  derive  their  various  names, 
and  are  called  fimple,  or  open,  furnaces ; rever- 
beratory furnaces ; wind,  or  air,  furnaces  ; blaff, 
or  bellows,  furnaces ; forges ; fmelting  furnaces. 
Sec.* 

When  a pan  full  of  land,  or  of  water,  is  placed 
over  a common  furnace,  and  a retort,  or  other 
veffel,  is  placed  in  the  land,  or  water;  that  mode 
of  applying  heat  is  called  a J and  batht  or  water 
bath. 


* The  particular  defcription  of  the  various  furnaces  may 
be  feen  in  a variety  of  chemical  works:  Macquiar’s  Dic- 
tionary of  Chemiftry,  and  Lavoifter’s  Elem.  of  Chem.  arc 
foaic  cf  the  beft  for  this  purpofe. 
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T here  are  feveral  other  chemical  operations,  ex- 
preffions,  and  tools,  which  are  l'o  obvious,  common, 
or  Ample,  as  to  need  little  or  no  particular  explana- 
tion. The  following  are  the  mod  remarkable. 

The  dry  way  of  performing  chemical  operations, 
is  when  ftrong  degrees  of  heat  are  ufed,  and  the 
humid  way  is  w'hen  fluid  folvents,  and  at  mod  low 
degrees  of  heat,  are  ufed. 

Combufiion  is  when  a body  is  burned  with  the 
affiftance  of  refpirable  air.  Deflagration  is  when 
the  combufiion  is  attended  with  little  explofions 
or  cracklings.  Detonation  is  a pretty  loud  re- 
pom. 

The  word  mixture  is  commonly  underflood  ; but 
the  mixing  of  bodies,  which  have  a great  affinity  to 
each  other,  requires  a variety  of  precautions ; for 
fometimes  fuch  mixtures  are  attended  with  heat, 
ebullition,  explofions,  and  fuch  like  dangerous 
effecfl.  They  muft,  according  to  the  nature  of 
the  materials,  be  made  either  flowly,  or  fuddenly, 
in  open  vefiels,  or  doled  phials  ; they  muft  fome- 
times be  aflifted  by  agitation,  flirting,  heating;  and 
at  other  times  nrufl  be  left  undifturbed;  but  the 
time  and  the  mode  of  adopting  any  one  or  more 
of  thofe  particular  applications,  muft  be  learned 
from  pra&ice,  and  from  a competent  knowledge  of 
the  nature  of  the  ingredients. 

When  a folid  lubftance  in  powder,  or  otherwife, 
is  left  for  a certain  time  in  a fluid,  and  the  mixture  is 

kept 
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kept  expofed  to  a flow  degree  of  heat;  that  procefs 
is  called  digeftion. 

When  a fubftance,  which  has  an  affinity  to  an- 
other fubftance,  is  mixed  with  as  much  of  that 
other  fubftance,  as  its  affinity  will  enable  it  to  hold 
in  combination,  then  the  former  fubftance  is  laid 
to  be  Jaiurated , or  the  mixture  to  have  attained  the 
point  of  Jaturation.  If  the  mixture  contain  a 
greater  proportion  of  either  fubftance,  then  that 
mixture  is  laid  to  contain  an  excejs  of,  or  to  be  fur- 
charged  with  that  other  fubftance.  The  fame  thing 
muft  be  underftood  of  the  compounds  of  more 
than  two  lubftances. 


VOL.  it. 
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CHAPTER  XVI, 


CONTAINING  A SKETCH  OF  THE  MODERN  THEORY 
OF  CHEMISTRY. 

r ^ H E grand  principle  c f all  chemical  procdTes, 


.JL  which  enables  us  to  decompofe  certain  bo- 
dies, and  to  compound  others,  is  that  every fubflance 
has  a certain  peculiar  affinity  for  other  Jubflances , hut 


ot  in  equal  degree. 


This  principle,  though  long  known,  could  not, 
however,  be  univerfally  applied  to  explain  all  the 
variety  of  chemical  phenomena,  on  account^of  the 
indiiccvered  nature  of  feveral  powerful  agents  in 
nature,  and  on  account  .of  the  iuppofed  adtion  of 
others  which  have  no  real  exigence. 

The  wrong;  or  confuted  knowledge  relative  to 
heat,  fire,  air,  light,  &c.  rendered  a variety  of 
facts  abfolutely  inexplicable  ; certain  effedts  ap- 
peared to  be  contradictory  j fome  feemed  to  have 
nothing  to  do  with  the  principle  of  affinities,  and 
others  were  explained  upon  the  fuppofed  exiltance 
of  an  inflammable  principle  called  phlogiffon. 

The  modern  philofophers  (I  mean  flnee  the  year 
j --So,  or  thereabout),  affifted  by  the  difeoveries. 
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the  knowledge,  and  even  the  errors,  of  their  pre- 
decefiors,  having  invefiigated,  with  infinite  labour 
and  ingenuity,  the  nature  of  thofe  powerful  natural 
agents,  have  found  reafon  to  explode  the  fuppofed 
exiftence  of  the  phlogifton,  and  have  been  able  to 
form  a theory,  which  is  incomparably  more  general, 
lefs  complicated,  and  more  fatisfaCtory,  than  any 
other  preceding  theory. 

This  theory  confiders  every  procefs,  which  pro- 
duces a change  of  fome  or  of  all  the  properties 
of  the  bodies  in  aCtion,  as  depending  on  the  various 
elective  attractions  of  thofe  bodies,  or  of  their 
components}  and,  in  general,  the  refult  of  every 
fuch  procefs  is  the  decompofition  of  certain  com- 
pound bodies,  and  the  formation  of  others. 

Not  only  the  mixtures  of  metallic  fubftances 
with  acids  or  alkalies  ; the  formation  of  foaps,  the 
formation  of  compound  falls,  the  purification  of 
metals,  and  fuch  other  operations  as  are  performed 
in  chemical  laboratories}  but  whatever  compofi- 
tion  or  decompofition,  with  change  of  properties? 
takes  place  in  nature,  fuch  as  the  burning  of  com- 
buftible  bodies,  the  rutting  of  iron,  the  evaporation, 
of  water,  animal  refpiration,  the  growth  of  animal 
and  vegetable  bodies,  their  fermentations  and  putre- 
factions, &c.  have,  in  great  meafure,  been  proved 
to  depend,  (and,  by  analogy,  we  are  led  to  believe 
that  they  do  all  depend)  upon  the  elective  attractions 
of  the  various  ingredients. 

A few  examples  will  be  necetlary  to  illuftrate 
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this  do&rine : but  thofe  will  be  found  in  the  next 
Chapter  ; for  in  this  we  mud  date  fome  general  ob- 
fervarions  on  the  nature  of  the  primitive  or  ele- 
mentary fubdances,  which  are  the  agents  in  all  na- 
tural and  chemical  proceffes.  A lift  of  thofe  fub- 
ftances  has  been  inferred  in  the  fir  ft  volume  of  this 
work,  as  all'o  in  the  prefent  volume,  pages  15  and 
1 6,  to  which  the  reader  is  referred. 

The  light  which  is  perceived  by  our  eyes,  is  fup- 
pofed  to  be  the  effett  of  a peculiar  fluid,  which 
proceeds  from  the  fun,  a candle,  a fire,  or  other 
luminous  objedl.  We  cannot  confine  it  in  veffels, 
nor  can  we  weigh  it,  nor  meafure  its  quantity,  ex- 
cepting in  fome  degree  by  companion,  viz.  of  two 
luminous  bodies,  we  may  determine  which  is  the 
moft  luminous.  But  light  feems  to  enter  into 
combination  with  certain  bodies,  and  by  that  com- 
bination to  produce  particular  effects ; for  inftance, 
plants  that  are  kept  growing  in  the  dark,  lofe  their 
green  colour,  and  become  white  or  pale.  Plants 
which  grow  in  confined  places,  always  endeavour 
to  turn  their  tops  and  tender  branches  towards  the 
light; — their  flavour,  their  vigour,  their  fragrance, 
are  much  greater  when  they  have  been  expofed  to 
much  light  in  the  courfe  of  their  vegetation,  than 
otherwife. — There  are  likewife  feveral  other  effects 
produced  by  light  in  various  chemical  proceffes. 

Caloric  is  fuppofed  to  be  a peculiar  fluid,  which 
produces  in  us  the  fenfation  of  heat.  We  can 
neither  weigh  it,  nor  confine  k in  veflfds.  A greater 
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or'lefs  quantity  of  it  is  contained  in  bodies  of  every 
fort.  It  prides  through  all  forts  of  bodies,  but 
eafier  through  feme,  fuch  as  the  metals,  than 
through  others,  fuch  as  charcoal,  wood,  &c.  hence 
certain  bodies  are  laid  to  be  better  or  worfe  conduc- 
tors of  heat  than  other  bodies. 

Caloric  enters  into  combination  with  various  fub- 
ftances;  viz.  it  poflefies  peculiar  affinities ; and  very 
ingenious  methods  have  been  difeovered  for  ascer- 
taining the  comparative  quantities  of  it,  which  are 
abforbed,  retained,  or  difengaged  in  a great  variety 
of  procefifes.  As  a mixture  of  two  fubftances  mull 
naturally  have  a greater  bulk,  than  either  of  them 
fingly  ; fo  by  the  acceflion  of  caloric  a body  is  en  - 
larged in  its  dimenfions,  and,  of  courfe,  from  their 
being  placed  farther  from  each  other,  the  attraction 
of  aggregation  between  the  conftituent  particles  of 
that  body  is  weakened  : hence  every  body  is  ex- 
panded by  heat,  and  is  rendered  more  or  lefs  con- 
fident by  the  acceflion  of  various  degrees-  of  ca- 
loric. Amongd  thofe  various  degrees  of  confif- 
tency,  we  diftinguifh  three  principal  dates,  viz. 
the  foiid,  the  liquid,  and  the  aeriform  date. 
Thus  water,  according  as  more  and  more  caloric 
is  communicated  to  it,  affumes,  fird  the  foiid  date 
of  ice,  next  that  of  fluid  water,  and  then  the  aeri- 
form date,  or  what  is  called  vapour*.  If preffure^ 

or 

* It  is  not  unlikely  that  by  a further  expanfion,  and  per-, 
haps  by  the  combination  with  tire  electric,  or  other  fluid, 
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or  the  contact  of  other  bodies,  which  have  a greater 
affinity  for  caloric,  come  into  contact  with  a fub- 
ftahce  in  a (late  of  vapour,  that  iubftance  becomes 
a liquid,  and  then  a folid,  harder  and  harder. 

Certain  bodies,  when  they  have  acquired  a quan- 
tity of  caloric  fufficient  to  give  them  an  aeriform 
flate,  hold  it  with  fo  much  force,  that  neither 
preflu  re,  nor  the  contact  of  colder  bodies,  can  take 
it  away,  and  convert  them  into  a liquid;  in  that  cafe 
they  are  faid  to  b z permanently  elaftic  fluids,  otherwife 
they  are  called  vapours. 

When  caloric  is  communicated  to  a body,  that 
body  will  abforb  as  much  of  it  as  its  peculiar  affi- 
nity will  enable  it  to  abforb,  and  the  reft  will  tend 
to  expand  itlelf  equally  through  all  the  furrounding 
bodies. — The  former  portion  is  called  combined  ca- 
loric, and  the  latter  has  been  called  free  caloric , be- 
caufe  its  tranfition  to  other  bodies  becomes  fenfible 
from  the  effects  it  produces  on  thofe  bodies  ; viz. 
thofe  other  bodies  are  expanded,  or  foftened,  or  li- 
quified by  it.  This  effedt  of  expanding  bodies  fur- 
niflies  the  beft  means  of  meafuring  heat  or  free  ca- 
loric; and  the  Thermometer  ails  upon  this  principle. 
The  quantity  of  combined  caloric  is  meafured  in 
the  fame  manner  as,  by  analyzing,  we  feparate,  and 
meafure,  the  quantity  of  any  other  ingredient ; viz. 


the  vapour  of  water  may  become  more  permanently  eiaftic, 
at  lead  fo  as  not  to  be  condenfable  into  fluid  water  merely 
by  mechanical  preffure,  or  cooling. 
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the  given  body  A is  mixed  with  fame  other  body 
B,  that  has  a greater  attraction,  or  affinity,  for  A, 
than  A has  for  caloric ; in  confcquence  of  which 
that  latent,  or  combined  caloric  of  A,  is  fe  pa  rated 
from  it,  and  becomes  free  caloric,  or  fenfible  heat  j 
and  its  quantity  may  be  meafured  from  the  effe&  it. 
produces  on  the  Thermometer,  or  upon  other  con- 
tiguous bodies. 

The  eleElric fluid  feems  to  be  another  remarkable 
agent  in  nature.  Its  aCtion  feems  to  be  very  ex- 
tenfive.  It  has  no  perceivable  weight,  nor  can  we 
exhibit  it  by  itfelf.  It  pafles  more  or  lels  freely 
through  certain  bodies,  and  not  at  all,  or  perhaps 
difficultly,  through  others.  Hence  the  former  bo- 
dies are  called  conductor s,  and  the  latter  non -con- 
dufiors,  of  electricity.  It  is  developed  or  abforbed 
in  a variety  of  natural  and  artificial  proceffes:  hence 
it  feems  to  have  peculiar  affinities ; b.ut  the  faCts 
which  have  been  difcovered,  though  numerous,  do 
not  enable  us  to  form  any  diftinCt  and  compre- 
hend ve  notions  with  refpecl  to  its  real  and  ge- 
neral agency. 

The  magnetic  fluid  is  much  more  hypothetical, 
and  more  partial  in  its  aCtion,  than  any  of  the 
former.  This  is  fuppofed  to  be  a fluid  which,  ex- 
cepting in  very  few  cafes,  aflfeCts  iron  alone,  or  fuch 
bodies  as  contain  iron,  and  produces  thole  efFeCts 
which  are  called  magnetic , and  which  are  all  redu- 
cible to  two,  viz.  to  an  attraction  (not  an  attraction 
of  affinity)  between  certain  parts  of  ferrugineous 
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bodies,  and  to  a repulfion  between  certain  other 
parts  of  the  fame  bodies.— We  have  no  knowledge 
of  this  fluid  entering  into  combination  with  any- 
body, nor  of  its  producing  any  other  effeCt. 

Of  thofe  four  natural  agents,  viz.  heat,  light, 
electricity,  and  magnetifm,  particular  notice  will  be 
taken  in  the  next  volume.  What  has  been  already 
faid  concerning  their  nature,  is  fufficient  to  illuftrate 
the  fubjeft  of  the  remaining  pages  of  the  prefent 
volume. 

There  feem  to  be  only  three  principal  and  per- 
manently elaftic  fluids  in  nature,  each  of  which 
confifts  of  a Ample  fubftance  combined  with  caloric, 
and,  probably,  with  light: — they  are  called  oxygen  air, 
hydrogen  gas,  and  azotic  gas,  or  nitrogen  gas  * ; and 
their  bafes,  or  peculiar  conftituents,  independent  of 
the  caloric  and  light,  are  called  oxygen,  hydrogen , 
and  azote,  or  nitrogen.  But  there  are  feveral  other 
aerial  fluids,  fome  of  which  are  combinations  of  the 
above-mentioned  three,  with  other  fubftances.  The 
following  lift  contains  their  number,  their  names, 
and  the  ingredients  of  them  all,  befldes  caloric  and 
light. 

Oxygen  gas,  or  pure  vital  air . 

Almofpheric  air , confiding  of  about  28  parts  of 


* The  name  air  has  been  more  particularly  given  to  the 
rcfpirable  fluids;  whereas  the  word  gas  is  a more  general 
appellation  for  permanently  elaftic  fluids,  particularly  for 
thofe  of  a fuffocating  quality. 
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oxygen  air,  and  7 2 of  azotic  gas. — Thofe  two  fluids 
are  fit  for  refpiration,  and,  of  courfe,  for  fupporting 
animal  life ; all  the  reft  being  luffbcating,  and 
unfit. 

Azotic  gas. 

Nitrous  gas,  confiding  of  azote,  combined  with 
a little  oxygen. 

Oxygenated  muriatic  gas,  confiding  of  muriatic 
acid,  furcharged  with  oxygen  and  deprived  of  water. 
This  is  the  only  aerial  fluid  which  has  a little  colour, 
viz.  a greenifh-yellow  tinge.  All  the  others  are 
colourlels. 

Carbonic  acid  gas,  confiding  of  carbon  diflblved 
in  oxygen.  This,  and  efpecially  the  four  following, 
are  abforbible  in  great  quantities  by  water. 

Muriatic  acid  gas , being  muriatic  acid  deprived 
of  its  fuperabundant  water. 

Sulphurous  acid  gas,  being  fulphuric  acid  that  has 
lod  part  of  its  oxygen,  and  all'o  lod  its  fuperabun- 
dant water. 

Fluoric  acid  gas,  being  fluoric  acid  deprived  of 
its  fuperabundant  water. 

Ammonia  cal  gas,  being  ammonia  (or  cauflic  vo- 
latile alkali)  deprived  of  its  fuperabundant  water. 

Hydrogen  gas.  This  and  the  four  following,  are 
inflammable. 

Sulphurated  hydrogen  gas,  (or  hepatic  gas ) confid- 
ing of  fulphur  diflblved  in  hydrogen. 

Phofphorated  hydrogen  gas,  confiding  of  phof- 
phorus  diflblved  in  hydrogen. 


Carbonated 


5- “ Sketch  cf  the  moderh  Theory 

Carbonated  hydrogen  gas,  confiding  of  hydrogen, 
and  the  bale  of  carbonic  acid  p-as. 

O 

Hydrogen  gas  of  mar  floes,  confiding  of  hydrogen 
and  different  proportions  of  azote, 

Thofe  are  the  principal  elaftic  fluids,  or  thofe 
■which  occur  more  commonly.  Mixtures  of  two 
or  more  of  them  are  infinite  in  number  ; but  the 
ingredients  may  be  feparated  more  or  lefs  by  va- 
rious means,  and  thus  their  quantities  may  be  afrer- 
tainecL  Thofe  means  rnufi;  be  derived  from  their 
peculiar  properties ; for  inffance,  if  a mixt  elaftic 
fluid  be  agitated  in  water,  the  water  will  abforb 
that  v/hich  is  of  a faline  quality,  and  will  leave  the 
other  by  itfelf.  Then  the  latter,  by  the  application 
of  a lighted  candle,  will  fhew  whether  it  inflam- 
mable, or  capable  of  affiftmg  combufticn,  or  inca- 
pable of  it,  &c. 

The  purity  of  the  atmofpherical  fluid,  which  is 
various  at  different  times  and  places,  is  tried  by  ex- 
pofirrg  to  a determined  quantity  of  it,  fuch  fub- 
fiances  as*have  great  affinity  for  the  oxygen  part, 
for  by  this  means  the  atmofpheric  air  is  decom- 
pofed,  the  oxygen  combines  with  die  ether  fub- 
ffance,  and  the  azotic  gas  remains  by  itfelf;  and 
its  quantity  determines  the  purity  of  the  a-ir,  or 
rather  the  ratio  of  azote  to  oxygen  ; for  the  air  may 
be  rendered  unfit  for  refpiration  by  the  fufpenffon 
of  other  fubftances,  which  do  not  diminifh  the  pro- 
portion of  oxygen  in  it. 

Carbon , c-r  the  carbonaceous  principle,  is  pure 

charcoal. 
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charcoal,  and  feems  to  be  a Ample  fubftance  ; for  it 
has  never  been  decompofed.  It  exifts  in  vegetables, 
as  alfo  iivanimal  bodies,  and  may  be  feparated  from 
the  oily  and  volatile  principles  by  diftillation,  as  alfo 
from  the  falts,  by  wafhing  in  pure  water. 

Sulphur  feems  to  be  a pure  fubftance.  It  exifts 
principally  amongft:  minerals,  but  fome  of  it  alfo 
exifts  in  vegetable  and  animal  bodies. 

Thofphorus  cannot  be  decompofed,  and  of  courfe 
it  may  be  confidered  as  a fimple  fubftance. 

The  burning  of  phofphorous,  of  fulphur,  or  of 
carbon,  is  not  a decompofition  of  thofe  bodies,  but 
a combination  of  thofe  bodies  with  oxygen,  which 
combination  increafes  their  weight,  renders  them 
mifcible  with  water,  and  gives  them  a ftrong  four 
tafte  ; viz.  they  become  the  phofphoric  acid,  the  fil- 
phuric  acid,  and  the  carbonic  acid  fo  that  the 
acceftion  of  oxygen  turns  them  into  acids  and 
hence  the  oxygen  derives  its  name,  which,  from 
its  Greek  origin,  means  the  acidifying  principle.— 
The  heat  and  the  light  which  attend  the  com- 
bufliion,  are  derived  from  the  oxygen  air  which  de- 
pofits  them,  when  it  lofes  its  aeriform  ftate,  and 
combines  with  the  phofphorous,  or  the  fulphur,  or 
the  carbon. 

In  a fmnilar  manner  oxygen  combines  with  a 
variety  of  other  fubftances,  which  combination  is 
called  oxidation ; and  the  compounds,  according 
to  the  different  proportions  of  oxygen,  have  dif- 
ferent properties,  and  different  generic  name  , be- 
tides 
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iidcs  the  names  of  the  peculiar  radicals  with  which 
she  oxygen  is  combined*. 

{'  he  combination  or  a very  fmall  quantity  of 
oxygen  conftitutes  what  are  called  oxides ; with  more 
oxygen  the  combinations  are  called  weak  acids ; 
with  a quantity  ftill  greater  of  oxygen,  the  deno- 
minations are  made  to  terminate  in  cm , viz.  we 
lay  the  nitrous  acid \ the Julpburous  acid.,  &c.  When 
me  quantity  or  oxygen  is  as  much  as  will  com- 
pletely foturate  the  bales,  the  appellations  termi- 
nate in  ic;  viz.  we  fay  the  nitric  acid,  the  Julpburic 
acid,  See.  and,  laftly,  when  the  combinations  con- 
tain more  oxygen  than  is  neceflary  fur  their  fatura- 
tion,  then  thole  Hates  are  exprefTed  by  annexing 
the  word  oxygenated  to  the  peculiar  name  of  the 
acid. 

All  the  articles,  which  follow  pbefpborus  in  the 
lift  of  pages  1 5 and  1 6,  as  far  as  the  zoonic  radical, 
are  capable  of  abforbing  oxygen  enough  to  give 
them  an  acid  tafte,  as  alfo  other  properties  peculiar 
to  acids;  hence  they  form  the  various  acids,  which 
derive  their  appellations  from  the  names  of  their 
peculiar  radicals 

The 


* Some  of  thofe  radicals  (as  the  muriatic)  are  only 
reckoned  inch  from  analogy  ; for  they  cannot  be  exhibited 
i:i  an  unconibined  date,  like  fulphur  and  phofphorus,  which 
are  the  radicals  of  the  fulphuric,  and  of  the  phofphorie, 
acids. 

f The  acids  are  generally  divided  into  mineral,  vegetable, 

and 
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The  articles  of  the  lift,  &c.  which  follow  the 
oonic  radical,  and  as  far  as  gold,  are  called  metallic 

Jubjlan&es  : 

and  animal , acids,  according  to  the  nature  oi  their  radicals. 
Acids  in  general  have  a four  tafte,  have  a powerful  affinity 
for  alkalies,  and  redden  certain  blue  vegetable  colours. 

The  mineral  acids  are  the  falphuric  (formerly  called  the 
vitriolic ) acid,  the  nitric  acid,  the  muriatic  acid  (formerly 
called  the  marine  acid)-,  the  carbonic  acid  ('formerly  called 
the  dtnal  acid,  or  fixed  air),  the  phofphoric  acid,  which  is 
likewife  an  animal  acid,  ;t  bein-'r  found  among!!  animal  mat- 
ters,  as  well  as  among  minerals,  the  acid  oi  borax,  the 
fluoric  acid,  thearfenic  add,  the  molybdic  acid,  the  tung- 
ftenic  acid,  and  the  cromic  add,  Tbefe  lad  four  are  alfo 
called  metallic  adds. 

Every  one  of  the  vegetable  adds  feems  to  have  a com- 
pound balls,  confiding  of  carbon  and  hydrogen,  but  in  dif- 
ferent proportions.  All  their  radicals  may  be  decompoftd, 
but  they  cannot  be  compounded  from  Ampler  iubftances  ; 
and  it  is  on  account  of  this  circumftance  that  they  are 
reckoned  amongfl:  the  primitive  fub dances-  Th^y  are 
diftinguifhed  from  each  other  by  their  peculiar  affinities  for 
alkalies,  or  earths,  or  metallic  fubftances.  The  vegetable 
acids  are  the  acetic,  or  vinegar,  the  acid  of  tartar,  the  em- 
pyreumatic  acid  of  tartar,  the  oxalic  or  acid  of  forrel,  the 
acid  of  galls,  the  citric  or  lemon  acid,  the  malic  of  acid  of 
apples,  the  benzoic,  or  the  acid  of  the  flowers  of  benjamin, 
the  empyreumatic  acid  of  wood,  the  empyreumatic  acid  of 
fugar,  the  add  of  camphor,  and  the  fubcric  or  acid  of 
cork. 

The  animal  acids,  excepting  the  phofphoric,  likewife  1 
feem  to  have  their  bafts  or  radicals  compounded  of  carbon. 
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JubftarUis : they  cannot  combine  with  as  much 
oxygen  as  the  preceding  radicals  ; hence  they  can 
only  form  oxides,  formerly  called  metallic  calces', 
yet  from  thole  we  muft  except  the  fir  It  four,  viz. 
arfenic,  molibdenite,  See.  which  can  combine  with 
fo  much  oxygen,  as  actually  to  acquire  fome  evident 
acid  properties.  The  others  alfo  have  different 
affinities  for  oxygen.  Thofie  which  come  firft  in 
the  lift,  have  a greater  affinity  for  oxygen  than  thofe 
which  follow.  The  laft  four,  viz.  mercury,  filver, 
platina,  and  gold,  have  lefs  affinity  for  oxygen  than 
any  of  the  reft;  for  the  oxides  of  thofe  metals  may 
be  deprived  of  the  oxygen ; that  is,  may  be  reduced 
into  their  fimple  or  metallic  ftates,  by  heat  alone  ; 
whereas  the  oxides  of  the  other  metallic  fubftances, 
cannot  be  deprived  of  their  oxygen  by  heat  alone, 
but  the  procefs  muft  be  affifted  by  the  contadt  of 


hydrogen,  phofphorus,  and  azote,  in  different  numbers  and 
different  proportions.  The  animal  acids  are,  the  acid  of 
milk,  the  acid  of  fugar  of  milk,  the  formic  or  acid  of  ants, 
the  pruffic  acid,  viz.  the  colouring  matter  of  Pruffian  blue, 
which  is  obtained  from  dried  blood,  hoofs,  &c.  the  febacic 
or  acid  of  fit,  the  bombic  or  acid  of  filk-vvorms,  the  laccic 
or  the  acid  of  waxy  matter,  and  the  zoonic,  or  the  acid  ex- 
tradted  from  animal  matter  by  means  of  lime.  Thofe  acids 
are  alfo  diftinguiflied  from  each  other  by  their  peculiar  affi- 
nities, and  their  hafes  or  radicals  may  be  decompounded, 
but  cannot  be  compounded  from  Ampler  fubftances. 


fume 
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feme  other  fubftance,  which  lias  a greater  affinity 
for  oxygen*-' 

The 


* The  metallic  fubftances  are-diftinguiihed  by  their  ab- 
folute  opacity,  great  fpeci fie  gravity,  brilliancy,  anil  ducti- 
lity ; but  this  laft  property  is  very  imperfeCtly  poffeffcd  by 
all  thofe  which  precede  iron  in  the  lid,  and  which  are,  on  that 
account,  called  femi-jfietals.  All  the  metallic  fubftances  be- 
come liquid  in  certain  peculiar  degrees  of  heat.  They  have 
different  fpeci  He  gravities,  (fee  the  table  of  Specific  Gravity 
in  page  75,  and  following),  different  colours,  and  different 
degrees  of  ductility;  they  have  alfo  peculiar  affinities  for 
other  fubftances.  We  (hall  briefly  fubjoin  a few  of  their 
more  remarkable  charactenfric  properties ; commencing 
with  the  moft  perfect  of  the  metals,  and  which  has  the  leaff 
affinity  for' oxygen. 

Gold  has  an  orange  or  reddiffi  yellow  colour;  is  the 
heavieft  metallic  fubftance,  platina  excepted  ; it  melts  at 
about  52370  of  Fahrenheit’s  Thermometer;  is  the  moil: 
perfect,  ductile,  tenacious,  and  unchangeable  of.  all  the 
known  metals.  Its  proper  folvents  are  the  nitro- muriatic 
acid , ( aqua  regia),  and  the  oxy-muriatic  acid. 

Platina.  Its  colour  is  white;  it  is  the  moft  ponderous 
metal.  By  itfelff  it  refills  the  Are  of  ordinary  furnaces,  and 
can  only  be  fufed  by  means  of  powerful  burning  glaffes,  or 
in  a fire  urged  by  a current  of  oxygen  air.  It  may  be  alloyed 
with  moft  metallic  fubftances,  and  in  that  ftate  may  be 
fufed  with  much  greater  facility.  It  is  not  affected  by  the 
action  of  the  atmofphere.  Its  proper  folvents  are  the  fame 
as  thofe  of  gold. 

Silver  has  a pure  white  colour.  It  is  malleable  anri 
very  ductile,  though  not  quite  fo  much  as  gold.  It  tufts  at 

about 
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The  feven  fubftances  which  follow  gold  in  the 
lift,  are  called  earths,  or  earthy fubftances  ; viz . filica, 

or 


about  471 70  of  Fahrenheit’s  Thermometer.  It  may  be 
alloyed  with  feveral  metals.  It  is  dillolved  by  various  acids, 
efpecially  by  the  nitric. 

Mercury.  Its  colour  is  like  that  of  bright  polifhed 
filvcr.  It  is  the  heavieft  metallic  fubftance  next  to  gold  and 
platina.  It  is  a folid  in  a temperature  under  the  72°  below 
friezing  water.  It  is  a liqnid  between  that  degree  and  600® 
of  Fahrenheit’s  Thermometer;  but  above  that  degree  it 
becomes  a vapour,  or  an  elaftic  fluid.  The  nitric  acid  is  its 
bell  folvent. 

Copper  has  a browniih  red  colour;  is  malleable,  flexible, 
and  ductile  ; though  not  fo  much  as  filver.  It  melts  at 
4587°  of  Fahrenheit's  Thermometer.  By  expofure  to  the 
fire  it  changes  colour,  and  becomes  firft  blue,  then  yellow, 
and  laflly  violet.  It  gives  a greenifh-blue  tinge  to  the  flame 
of  burning  coals.  It  is  difioluble,  more  or  lefs,  in  moft  of 
the  acids.  With  the  acetous  acid  it  forms  verdigris.  Copper 
may  be  united  to  moft  metallic  fubftances,  forming  various 
ufeful  compounds. 

Lead  has  a blueilh  white  colour,  and  is  the  heavieft  metal, 
after  gold,  platina,  and  mercury.  It  melts  at  540°.  Its 
f'urface.  is  readily  oxidated.  It  is  diflblved  by  moft  acids. 
Its  oxides  form  various  ufeful  colouring  pigments. 

Tin  comes  neareft  to  the  colour  of  filver  ; but  its  furface 
is  foon  tarniflred.  It  is  very  duftile,  flexible,  and  w’hen 
bent  crackles  in  a peculiar  manner.  It  fufes  at  410°,  and 
is  pretty  readily  oxidated.  It  is  diflblved  more  or  lefs  by 
moft  acids. 

Iron  is  of  a pale,  fomewhat  blucifh-grey,  colour.  It  is  the 

moft 
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or  fi/exy  argil  or  alimine>  baryt  or  barites , Jlrcntiany 

limey 


raoft  ufeful,  moft  abundant,  and  the  mod  diffufed,  metal  in 
nature.  Iron  (excepting  a few  equivocal  cafes)  is  the 
only  tnetal  fufceptible  of  magnetifm.  It  is  eafily  oxidated, 
and  its  colour  changes  according  to  the  degree  of  oxygena- 
tion. It  is  found  combined  with  a variety  of  fubftances, 
from  fome  of  which  it  cannot  be  feparated  without  very 
great  difficulty;  hence  we  have  iron  of  different  qualities 
and  of  different  fufibility.  Caft  iron  melts  at  about  17977°. 
Its  union  with  carbon  forms Jleel. 

Zinc.  Its  colour  is  between  the  colour  of  111 ver  and  that 
of  lead.  It  has  very  little  ductility.  It  fufes  as  foon  as  it 
becomes  red  hot,  (viz.  when  the  heat  is  about  1070°)  then 
with  the  accefs  of  air  it  inflames  and  fubliirses  in  white 
flocks  of  oxide,  called  pbilofophical  wocly  or  pompbolix.  It 
unites  with  feveral  metals.  With  copper  it  forms  brafs. 

Antimony  is  a whitifh  brilliant  femi-metal,  not  eafy  of 
fufion,  but  when  fufed  it  emits  a white  fume  called  argentine 
fnouuy  or  flowers  of  antimony.  The  ftate  in  which  this  femi- 
metal  is  generally  feen  in  commerce,  and  in  which  ftate  it 
is  improperly  called  antimonyy  is  in  combination  with 
fulphur. 

Bifmutb  (otherwife  called  tin-glafs ) is  white,  with  a ftiade 
of  red  inclining  to  yellow.  By  means  of  the  hammer  it  may 
be  reduced  into  powder.  It  fufes  eafier  than  tin.  When 
expofed  to  a ftrong  heat,  it  burns  with  a b ue  flame,  and 
fublimes  in  a yellowifh  fmoke,  which  condenfes  and  forms 
the  flowers  of  bifmuth.  The  nitric  acid  is  its  beft  folvent, 
Its  combinations  with  various  metallic  fubftances,  form 
pewter,  folders,  printer’s  types,  &c. 

Cobalt  is  white,  inclining  to  biuifh  grey,  and,  when  tar- 
nifhed,  to  red.  In  a red  heat  it  is  malleable  to  a certain  de- 
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limey  magnefia , jargonia  or  zirgonia  j to  which  w-e 

fli  all 

gree;  anti,  when  pure,  it  is  as  difficultly  fufed  as  iron.  It 
is  not  eafily  oxidated.  When  expofed  to  the  fire  in  con- 
junction with  borax,  or  foda,  &c.  and  earthy  fubftances,  it 
tinges  them  blue.  Its  oxide,  fufed  with  fand  and  pot-afh, 
forms  a blue  glafs,  which,  when  finely  pounded,  is  called  /malt. 

Nickel , in  its  pure  ftate,  has  a grcyifh  white  colour.  It 
is  magnetic  in  a very  fmall  degree  ; hence  it  is  thought  to 
contain  iron.  It  is  malleable  in  a confiderable  degree,  and 
is  {lowly  oxidated  in  a ftrong  heat.  The  nitric  acid  is  its 
beft  folvent. 

Mangancfe  is  of  a greyifh  white  colour,  but  it  is  fo  eafdy 
oxidated,  as  to  be  readily  darkened  by  expofure  to  the  air  ; 
it  falls  into  powder,  and  becomes  a perfect  oxide  of  a dark 
brown  or  black  colour.  Indeed  it  is  in  that  ftate  that  we 
always  find  it.  This  oxide,  expofed  to  a pretty  ft.ong  heat 
in  proper  veftels,  yields  a very  great  quantity  of  oxygen 
air.  This  metallic  fubftance  is  Id's  fuiible  than  iron,  and 
unites,  by  fufion,  with  every  one  of  the  metals,  except 
mercury. 

Uranite  is  of  a dark  ftecl  or  iron  grey  colour.  Nitrous 
acid  diffolves  it ; but  its  oxide  is  irifoluble  in  alkalies,  which 
circumftance  diftinguifltes  it  from  the  oxide  of  tungften, 
which  it  refemblcs  in  colour. 

Sylvamie , or  Tellurite , is  of  a dark  grey  colour,  inclining 
to  red.  It  has  a confiderable  degree  of  ductility  and  mal- 
leability i is  the  moft  fufible  metallic  body,  excepting  mer- 
cury. It  readily  unites  with  mercury  and  fulphur.  It  is 
difioluble  in  nitrous  acid,  in  the  lulphuric  acid,  and  in  nitro- 
muriatjc  acid. 

Titanife  is  imperfedlly  known.  Its  oxide,  which  was 
formerly  taken  for  a reel  fieri,  is  but  lparingly  found  united 

to 
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fliall  add  two  more  which  have  been  lately  difco- 

vered 


to  other  minerals,  and  from  certain  phenomena,  which  at- 
tend  its  diftolutions  and  precipitations,  it  appears  to  be  the 
oxide  ci"  a new  metallic  fubftance,  to  which  the  name  of 
titanite  has  been  given  ; but  it  feems  that  it  was  never  fairly 
reduced  to  a metallic  ftate. 

Chrome  has  a whitifh  grey,  fhining,  appearance.  It  is 
obtained  from  a mineral  called  Siberian  red  lead.  It  yields 
a particular  acid,  of  a ruby  red  colour,  which  contains  two 
thirds  of  its  weight  of  oxygen. 

Tung/len  is  fuppofed  to  be  the  oxide  of  a particular  me- 
tallic fubftance  ; for  it  does  not  appear  to  have  ever  been 
fairly  reduced  to  a metallic  ftate.  It  is  of  a fteel  grey 
colour,  very  hard  and  brittle.  It  affords  a peculiar  acid. 

Molybdenite  is  a fubftance  of  a metallic  luftre,  which 
marks  paper  like  plumbago  ( black  lead).  It  is  oxidated  in 
a red  heat,  but  it  cannot  be  fufed  without  a very  powerful 
fire.  Its  white  or  red  oxide  gives  evident  marks  of  acid 
properties. 

Arfenic  is  naturally  white,  inclining  to  blue;  but  it 
fpeedily  becomes  pale  yellow,  and  then  greyifh  black  by 
expofure  to  the  atmofphere.  In  a metallic  ftate  arfenic  is 
of  a blackifh  grey  colour  ; it  is  brittle,  and  in  its  fracture 
refembles  fteel.  If  arfenic  be  placed  upon  burning  coals, 
it  burns  with  a blueifh  white  flame,  and  is  volatilized  into 
a white  oxide,  which  attaches  itfelf  to  the  chimney,  See. 
By  this  means  arfenic  is  extracted  from  various  minerals 
with  which  it  is  found  combined.  This  oxide,  which  is 
fufible  in  water,  is  the  white  arfenic  of  commerce.  This 
volatilized  oxide  has  a fmell  refembling  that  of  garlic,  and 
is  exceedingly  dangerous  to  animals.  Arfenic  by  itfelf 
fufes  difficultly,  but  by  fufion  it  may  be  united  to  moft^ 

metals. 
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vered  in  fmall  quantities,  viz.  glucine , and  aguf- 
tine  *. 

The 

metals.  When  faturated  with  oxygen,  it  conftitutes  an 
acid  which  may  exift  in  a concrete  form,  but  it  readily 
attra&s  moillure  from  the  atmofphete,  and  thereby  becomes 
a fluid. 

* The  earths  are  dry,  brittle,  inodorous,  uninflammable, 
and  fparingly  loluble  in  water. 

Silica  is  the  earth  which  forms  the  principal  ingredient 
of  flints,  rock  cryftal,  and  fevcral  gems.  It  is  rough,  and 
when  finely  pounded,  a very  minute  quantity  of  it  may  be 
kept  difi'olvcd  in  water.  The  only  acid  which  acts  upon 
it,  is  the  fluoric.  It  is  infufible  by  itfelf;  but  in  a throng 
heat  the  fixed  alkalies  fufe  it  readily,  and  form  glafs. 

Argil , or  pure  clay-,  otherwise  called  alumine , (for  with 
the  fulphuric  acid  it  forms  alum)  in  its  pure  Hate  is  white, 
fmooth,  of  an  unctuous  feel,  and  is  diffufible  in  water. 
When  heated  it  diminilhes  in  bulk,  is  hardened,  and  is  ren- 
dered indiflfufible  in  water.  It  may  be  hardened  fo  as  to 
ftrike  fire  with  Heel.  This  moll  ufeful  property  enables 
us  to  form  bricks,  pots,  and  a variety  of  utenfils,  commonly 
known  under  the  name  of  earthen-ware. 

Baryt , or  Ponderous  Earth.,  (from  its  confiderable  fpecific 
gravity)  is  infufible  when  pure.  Cold  water  diiTolves  a 
05th  part,  and  boiling  water  one  half,  of  its  weight.  It  is 
foluble  in  alcohol,  and  is  highly  poifonous.  See  les 
Annales  de  Chimie  XXI.  It  has  a greater  affinity 
for  muriatic  acid,  than  any  of  the  other  earths,  or  the 
alkalies. 

Strontian , when  pure,  is  not  fufible  in  the  fire,  but  it 
only  glitters  with  a pholphoric  flame ; it  may  however  be 
^fed  in  conjunction  with  mod  of  the  other  earths.  It  is 

diflblved 
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The  laft  three  articles  of  the  lift  are  called  alka- 
lies, they  have  a peculiar  tafte  as  well  as  other  pe- 
culiar properties.  Pot-afh  and  foda  are  called  fixed 
alkalies , becaufe  they  cannot  be  rendered  volatile 

by 


diflolved  readily  in  the  nitric  and  muriatic  acids  ; and  forms,, 
by  the  addition  of  the  fulphuric  acid,  an  infoluble  precipitate. 

Lime , when  pure,  is  called  quick  lime , or  pure  calcareous 
earth.  Is  infufible  by  itfelf,  but  it  may  be  fufed  in  con- 
junction with  filica  and  argil.  Lime  is  purified  by  long 
expofure  to  a ftrong  heat,  by  which  means  it  becomes 
white,  moderately  hard  and  brittle.  It  has  a hot  burning 
tafte,  renders  violets  green,  and  corrodes  animal  and  ve- 
getable fubftances.  By  the  application  of  water  it  becomes 
hot,  burfts,  and  becomes  flaked  lime , which,  when  mixed 
W'ith  fand,  or  dry  mould,  St c.  forms  the  mortar  commonly 
ufed  for  building.  Slaked  lime  will  be  found  to  have  ab- 
forbed  287  grains  of  water  for  every  1000  grains  of  its  ori- 
ginal weight.  Water  cannot  hold  in  folution  more  than 
one  yoodth  part  of  its  weight  of  lime,  and  in  that  ftate  it 
is  called  lime  water. 

Magnefia , when  pure,  is  white  and  very  light.  It  com- 
bines with  all  the  acids.  It  is  infufible  by  itfelf. 

Jargonia  is  a peculiar  earth  obtained  from  two  gems ; 
viz.  the  jargon  and  the  hyacinth.  It  is  infoluble  in  water. 
In  hardnefs  and  roughnefs  it  refembles  filica.  It  is  infufible 
by  itfelf.  It  unites  with  the  nitric,  the  carbonic,  and  the 
fulphuric,  acids. 

Glucine  is  luppofed  to  be  a peculiar  earth  obtained  from 
two  gems  3 viz.  the  beryl , or  aqua  marina , and  the 
emerald. 
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by  means  of  heat ; — ammoniac  is  a volatile  al- 
kali * *. 

But  it  muft  be  obferved,  that  the  alkalies  are 
placed  in  the  lift  of  fimple  fubftances,  rather  be- 
caufe  they  form  a particular  clafs  of  bodies,  which 
are  endued  with  remarkable  and  peculiar  proper- 
ties ; for  they  feem  to  be  compounds  of  fimpler 
fubftances.  Indeed,  the  ammoniac  has  been  proved 
to  confift  of  807  parts  of  azote,  and  193  parts  of 
hydrogen  ; alfo  the  two  fixed  alkalies  are  ftrongly 
fufpefted  of  being  formed  from  a combination  of 
azote  with  forne  unknown  bafes. 

The  three  alkalies,  the  acids,  and  the  combina- 
tions, in  which  they  enter  in  fufncient  quantities, 
are  called  falls,  or  J aline  fubftances  for  a f aline  fub- 
Jlance , in  its  extended  chemical  fenfe,  means  a 
fubftance  that  has  fome  tafte,  and  is  foluble  in 
water. 

Thus  we  have  endeavoured  to  give  fome  idea  of 
the  primitive,  or  elementary  fubftances ; fuch  as 


Aguftine  is  fuppofed  to  be  a peculiar  earth  obtained  from 
a mineral  that  refembles  the  beryl.  It  is  not  foluble  in 
water,  and  it  becomes  hard  in  the  fire. 

* Alkalies  have  an  acrid,  urinous  tafte  ; change  the  ve- 
getable blue  colours  into  a green ; combine  with  acids,  and 
form  neutral  falts ; viz.  falts  that  have  neither  the  proper- 
ties of  acids,  nor  of  alkalies.  As  the  alkalies  appear  to  be 
derived  principally  from  azote,  therefore  azote  has  been  alfo 
called  the  alkaligen  principle. 


may 
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may  be  deemed  fufficient  for  a ftudent  of  natural 
philofophy.  A full  account  of  their  properties, 
affinities,  combinations,  &c.  will  be  found  in  various 
recent  publications  written  profefiedly  on  the  fubjedt 
of  chemiftry  *. 


* See  Lavoifier’s  Elements  of  Chemiftry.  Jacquin’s 
Elements  of  Chemiftry.  Briflon’s  Phyfical  Principles  of 
Chemiftry.  Fourcroy’s  Chemiftry.  Gren’s  Principles  of 
Modern  Chemiftry.  Lagrange’s  Manual  of  a Courfe  of 
Chemiftry;  and  feveral  other  large  works : to  which  may 
be  added,  a very  ufcful  little  book  ; viz.  Parkinfon’s  Che- 
mical Pocket  Book,  or  Memoranda  Chemica. 
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CHAPTER  XVII. 


OF  CHEMICAL  PROCESSES. 


IT  is  perhaps  fcarcely  fufpedted  by  moft  of 
my  readers,  that  almoft  every  phenomenon, 
which  takes  place  about  us,  and  which  is  attended 
with  fome  change  of  property  in  the  bodies  con- 
cerned, is  in  fa£t  a chemical  procefs ; viz.  it  does 
aftually  depend  upon,  and  is  regulated  by,  the  laws 
of  affinity.  Heating,  cooling,  fires,  and  every  fort 
of  combuftion  our  refpiration,  our  digeftion,  the 
formation,  decompofition,  and  fecretion,  of  the 
various  animal  fluids ; evaporations,  diffolutions, 
and  fermentations  ; the  operations  carried  on  in  the 
various  arts  of  dyeing,  bleaching,  tanning,  &c.  are 
all  depending  on  the  various  affinities  of  bodies. 
Infinite  is  the  number  and  the  variety  of  the  parti- 
cular proceffies ; and  even  the  account  of  a feleft 
number  of  them,  is  what  fills  up  many  large  and 
learned  w'orks.  In  thefe  elements  we  can  only  at- 
tempt to  deferibe  the  moft  remarkable  of  thofe  pro- 
ceffies ; viz.  fuch  as  are  more  general  or  more  in- 
te  re  fling,  and  which  may  not  only  elucidate  the 
general  theory  of  chemifby,  but  may  alfo  affifl: 

the 
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the  reader  in  the  inveftigation  of  other  pheno- 
mena*. 

Comhuftion , in  its  modern  enlarged  fenfe,  means 
every  operation  in  which  oxygen  air  is  decompofed, 
its  radical  ; viz.  the  oxygen,  is  abforbed,  and  its 
other  two  components,  caloric  and  light,  are  fet 
at  liberty,  or  enter  into  other  combinations.  There- 
fore  relpiration,  the  oxydation  of  metallic  bodies, 
and,  in  fhort,  the  oxidation  of  all  other  fnbftances, 
are  different  degrees  of  combuftion.  T hofe  bodies, 
which  have  fo  much  affinity  for  oxygen,  as  to  be 
able  to  decompofe  oxygen  air,  are  called  combujlible 
bodies. 

When  the  oxygen  air  is  decompofed  flowly,  the 
heat  is  imperceptible,  becaufe  the  caloric  is  diffi- 
pated  as  foon  as  generated.  When  the  decompo- 
fition  goes  on  fafter,  the  bodies  concerned  become 
fenfibiy  warm.  A quicker  decornpofition  of  the 
oxyen  air  heats  the  bodies  fo  as  to  render  them 
red  hot ; (this  temperature  is  equal  to  about  iooo" 
of  Fahrenheit's  Thermometer)  which  date  is  called 
■ignition.  When  the  procels  is  attended  with  the 
production  of  certain  fluids,  as  hydrogen,  volatile 


* Whoever  wifkes  to  examine  this  fubjedfc  at  large,  may 
perufe  fome  of  the  valuable  works  which  are  mentioned  in 
the  note  at  the  end  of  the  preceding  chapter ; as  alfo  a va- 
riety of  works  written  expreflively  on  the  arts  of  dyeing, 

bleaching,  &c. 

0 
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oils,  &c.  and  the  decompofition  of  oxygen  air 
affords  a fufficient  developement  of  caloric ; then 
the  above-mentioned  fluids  themfelves  are  ignited 
and  decompofed,  which  conftitutes  the  flame , and  is 
thence  called  inflammation.  The  quickeft  decom- 
pofition of  oxygen  air  is  attended  with  a very  quick 
extrication  of  caloric,  a fudden  expanfion  of  the 
contiguous  bodies,  and  of  courfe  with  a hidden 
noife  ; hence  it  is  called  detonation.  A quick 
fucceflion  of  little  detonations,  is  called  decrepi- 
tation, or  deflagration. 

Combuftions  are  generally  attended  with  the  de- 
compofition and  formation  of  feveral  compounds  ; 
viz.  the  carbon,  which  naturally  exifts  in  vegeta- 
ble and  animal  fubftances,  unites  with  part  of  the 
oxygen,  and  forms  carbonic  acid  gas ; fome  of  the 
neutral  falts  are  decompofed,  and  an  alkali  is  left 
intermixed  with  what  fixed  matter  remains  after  the 
combuftion,  &c. 

Two  principal  faffs  muff  be  particularly  remark- 
ed in  this  place.  Fir  ft,  that  tne  greateft  part  of  the 
heat,  which  is  yielded  ill  combuftion,  comes  from 
the  decompofition  o',  the  oxygen  air;  and  fecondly, 
that  the  oxygen  air  is  the  general,  and  the  only 
ibbftance,  which  by  its  decompofition,  &c.  can 
produce  combuftion.  Jn  faff,  where  no  oxygen 
air  exifts,  as  in  vacuo,  in  azotic  gas,  in  hydrogen 
gas,  &x.  there  combuftion  cannot  take  place;  an 
animal  cannot  refpire,  a metallic  body  cannot  be 

oxidated. 
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oxidated,  or  in  general  a combuftible  body  cannot 
burn  ; for  inftance,  a piece  of  charcoal,  expofed  to 
a ftrong  fire  in  a clofe  vefTel,  will  not  thereby  be 
altered. 

The  atmofpherical  air  is  ufeful  for  thofe  pur- 
pofes,  fo  far  as  it  contains  oxygen  air.  .When  that 
portion  of  oxygen,  which  is  about  a quarter  of  the 
atmofpherical  fluid,  has  been  more  or  Ids,  or  en- 
tirely, feparated,  the  remainder  will  accordingly  be 
found  lels  fit,  or  quite  unfit  for  refpiration,  for 
combuftion,  &c.  Hence  will  appear  the  necefiity 
of  ventilating  towns,  houfes,  fhips,  &c. 

If  you  place  a lighted  wax  taper  under  a glafs 
receiver,  which  is  inverted  with  its  aperture  in 
water,  and  is  fituated  upon  the  fhelf  of  the  tub, 
fig.  8.  Plate  XVII.  you  will  find  that  as  the  flame 
decompofes  the  oxygen  air,  and  of  courfe  lefs  and 
lefs  of  that  air  remains  within  the  receiver,  fo  the 
flame  becomes  gradually  fmaller,  lefs  active,  and  at  lalt 
ceafes  to  burn.  After  the  cooling  of  the  apparatus, 
you  will  find  the  water  to  have  rifen  within  the  re- 
ceiver, and  to  occupy  the  place  of  the  decompofed 
oxygen  air ; viz.  about  one  quarter  of  the  original 
bulk  of  the  common  air.  The  remaining  azotic 
gas  is  unfit  for  combuftion.  This  gas  contains 
a fmall  quantity  of  carbonic  acid  gas,  which  has 
been  formed  by  the  union  of  the  carbon  of  the 
wax  with  fome  of  the  oxygen.  This  carbonic  acid 
gas  may  be  feparated  from  the  azotic  gas  by 

agication 
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agitation  in  lime  water,  which  abforbs  it,  and  leaves 
the  azotic  gas  by  itlelf*. 

If  the  glafs  receiver  be  filled  with  pure  oxygen 
air,  the  wax  taper  will  be  found  to  burn  for  a longer 
time,  with  a much  more  active  and  luminous  flame; 
and  the  a:r  will  difappear  almoft  entirely,  excepting 
only  the  carbonic  acid  gas  which  has  been  formed, 
and.a  fmall  portion  of  oxygen  air  which  remains 
mixed  with  the  acid  gas. 

The  mod  atftive  fire  which  we  can  pofTibly  pro- 
duce, is  obtained  by  paffing  a current  of  oxygen 
air,  inftead  of  common  air,  through  burning  coals, 
or  other  combuftibles. 

' 

For  the  fupport  of  animal  life,  a conftant  fupply 
of  heat  is  indifpenfably  neccflary,  and  the  caloric, 
which  produces  that  heat,  is  derived  from  the  de- 
compofition  of  oxygen  air  in  the  courfe  of  refpira- 
tlon.  A certain  quantity  of  carbonated  hydrogen 
gas  is  fuppofed  to  be  difengaged  from  the  blood  in 
the  lungs  ; the  oxygen  of  the  air,  which  is  infpired. 


* Gun  powder  may  be  fired  in  vacuo,  and  ccmpofitions 
of  gun-powder,  nitre,  etc.  may  be  made  to  burn  under  wa- 
ter; but  in  thole  cafes  the  oxygen,  neceffary  for  the  com- 
buftion,  is  afforded  by  the  nitre,  or  by  f'ome  other  fait  analo- 
gous to  it.  In  fact,  if  nitre  be  pul  by  itfelf  in  an  earthen- 
ware retort,  and  the  retort  be  expofed  to  a fire  fufficient  to 
render  it  ftroagly  red  hot,  or  rather  white  hot,  the  nitre 
will  ) ield  abundance  of  oxygen  air,  which  may  be  received 
in  a receiver  full  of,  and  inverted  in,  water. 
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combines  with  the  hydrogen,  and  with  the  carbon  of 
the  above-mentioned  gas,  and  parts  with  its  calo- 
ric j thus  carbonic  acid  gas  and  water  is  produced, 
(for,  as  it  will  be  fliewn  in  the  fequel,  water  confifts 
of  oxygen  and  hydrogen).  The  caloric  which  is 
difengaged  in  this  procefs,  expands  itfelf  through 
the  adjoining  parts,  and  fupplies  the  heat  neceffary 
for  animal  life. 

If  the  atmofpherical  fluid  confifted  entirely  of 
oxygen  air,  then  a much  greater  quantity  of  heat 
would  be  produced  by  refpiration  than  is  neceffary 
for  the  fupport  of  animal  life,  the  combuftion  of 
bodies  would  likewife  proceed  too  rapidly,  and  of 
courfe  decompofitions  of  every  fort  would  go  on 
with  ufelefs  precipitation;  hence  we  may  thankfully 
admire  the  juft  and  temperate  conftitution  of  the 
atmofpherical  air. 

One  of  the  m oft  remarkable  difcoveries  of  modem 
times,  is  the  decornpofltion  and  compofitionof  water, 
which  was  formerly  considered  as  an  elementary  or 
fimple  fubftance.  This  decornpofltion  has  been  ef- 
fected two  ways  principally  ; viz.  by  placing  the  va- 
pour of  water  in  contact  with  certain  ignited  bodies, 
or  by  means  of  electricity.  The  moil  lacis faCtory 
methods  of  decompofing,  and  of  compofing  it,  are 
clearly  defcribed  by  M.  BrkTon,  in  the  following 
words  : 

1.  <c  A tube  of  common  glafs,  E F,  fig.  if. 
Plate  XVII.  well  annealed,  and  difficult  to  be 

fufcd. 
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fufed,  about  \ of  an  inch  in  diameter*,  was  placed 
acrofs  a furnace  CFED,  in  a pofition  fomewhat 
inclined,  and  to  its  upper  extremity  was  adapted  a 
glafs  retort  A,  containing  a known  quantity  of  dif- 
tilled  water,  and  refting  on  a furnace  V V.  To  the 
lower  extremity  of  the  glafs  tube  F,  was  applied  a 
worm  S S,  connected  with  the  double  tubulated 

9 

flafk  H ; and  to  the  other  aperture  was  adapted  a 
bent  glafs  tube  K K,  defined  to  convey  the  gas  to 
an  apparatus  proper  for  determining  the  quality  and 
quantity  of  it.  When  the  whole  was  thus  arrang- 
ed, a fire  was  kindled  in  the  furnace  CFED,  and 
maintained  in  fuch  a manner  as  to  bring  the  glafs 
tube  EF  to  a red  heat,  but  without  fufing  it:  at 
the  fame  time,  as  much  fire  was  maintained  in  the 
furnace  VVXX,  as  to  keep  the  water  in  the  re- 
tort A,  in  a continual  (late  of  ebullition. 

“ In  proportion  as  the  water  in  the  retort  A, 
a {Turned  the  (late  of  vapour  by  ebullition,  it  filled 
the  interior  part  of  the  tube  EF,  and  expelled  the 
atmofpheric  air,  which  was  evacuated  by  the  worm 
S S,  and  the  tube  K K.  The  fleam  of  the  water 
was  afterwards  condenled  by  cooling  in  the  worm 
SS,  and  fell,  drop  by  drop,  in  the  Hate  of  water. 


* Such  tube  mud  be  luted  ; viz.  covered  over  with  a 
mixture  of  clay  and  pounded  earthen-ware  ; alfo  it  rauft 
be  fupported  in  one  or  more  places,  that  it  may  not  bend 
when  foftened  by  the  heat. 


into 
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into  tiie  tubulated  flafk  II.  Wlien  the  whole  of 
the  water  in  the  retort  A,  was  evaporated,  and  the 
liquor  in  the  veflel  had  been  fuffered  to  drain  off 
completely,  there  was  found  in  the  flaflc  H,  a 
quantity  of  water  exadtly  equal  to  that  which  was 
in  the  retort  A ; and  there  had  been  no  difengage- 
ment  of  any  gas  ; fo  that  this  operation  was  merely 
a common  diftillation,  which  gave  abfolutely  the 
lame  refult  as  if  the  water  had  never  been  brought 
to  a date  of  incondefcence  in  palling  through  the 
glafs  tube  EF. 

2.  tc  Every  thing  being  arranged  as  in  the  pre- 
ceding experiment,  28  grains  of  charcoal  reduced 
to  fragments  of  a moderate  fize,  and  which  had 
been  previoudy  expofed  for  a long  time  to  a white 
heat  in  clofe  vefiels,  were  introduced  into  the  glafs 
tube  EF.  The  operation  was  then  conducted  as 
before,  and  the  water  in  the  retort  A,  kept  in  a 
continual  Hate  of  ebullition,  till  it  was  totally  eva- 
porated. 

cc  The  water  in  the  retort  A,  was  diddled,  as  in 
the  preceding  experiment  and  being  condenfed  in 
the  worm  S S,  had  fallen,  drop  by  drop,  into  the 
flafk  H ; but  at  the  fame  time  there  had  been  dif- 
engaged  a confiderable  quantity  of  gas,  which 
efcaped  through  the  tube  K K,  and  was  collected 
in  a proper  apparatus.  When  the  operation  was 
finifhed,  there  was  found  nothing  in  the  tube  E F, 
but  a few  allies  and  the  28  grains  of  charcoal  had 
totally  difappeared. 

« The 
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“ The  gales  dilengaged  were ‘found  to  weigh 
altogether  113,7  grains. 

“ There  were  found  two  different  kinds  of  gas; 
viz.  144  cubic  inches  of  carbonic  acid  gas,  weigh- 
ing 100  grains,  and  380  cubic  inches  of  a very 
light  gas,  weighing  13,7  grains.  This  laft  gas  took 
fire  on  being  applied  to  a lighted  body  in  contact 
with  the  air. 

ff  In  examining  afterwards  the  weight  of  the 
water  which  had  palled  into  the  flalk,  it  was  found 
lefs  than  that  in  the  retort  A,  by  85,7  grains.  In 
this  experiment,  therefore,  85,7  grains  of  water, 
and  28  grains  of  charcoal,  formed  carbonic  acid 
gas,  equal  to  100  grains,  and  a peculiar  gas  fuf- 
ceptible  of  inflammation,  equal  to  13,7  grains. 

“ We  have  already  faid,  that  to  form  100  grains 
of  carbonic  acid  gas,  72  grains  of  oxygen  muff;  be 
united  to  28  grains  of  charcoal  or  carbon.  The 
28  grains  of  charcoal  put  into  the  glafs  tube  E F, 
took,  therefore,  from  the  water,  72  grains  of  oxy- 
gen, fince  there  was  formed  carbonic  acid  equal  to 
1 00  grains. 

“ It  appears  therefore  that  85,7  grains  of  water 
are  compofed  of  72  grains  of  oxygen,  and  13,7 
grains  of  a fubftance,  forming  the  bale  of  a gas  fuf- 
ceptible  of  inflammation. 

3.  c:  The  apparatus  being  arranged  as  above,  indead 
of  the  28  grains  of  charcoal,  2 74  grains  of  thin  lhavings 
of  iron,  rolled  up  in  a fpiral  form,  were  introduced  into 
the  tube  EF : the  tube  was  then  brought  to  a red  heat 
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.is  before ; and  in  the  like  maimer  the  whole  of  the 
water  in  the  retort  A,  was  made  to  evaporate. 

“ In  this  experiment  there  was  dilengaged  only 
one  kind  of  gas  which  was  inflammable  : there  was 
obtained  of  it  about  406  cubic  inches,  weighing 
1 5 grains.  The  274  grains  of  iron,  put  into  the 
rube  E F,  were  found  to  weigh  above  what  they 
did  when  introduced,  35  grains,  and  the  water  firft 
employed  was  diminifhed  100  grains. 

fi  The  volume  of  thefe  iron  fhavings  was  found 
to  be  greatly  enlarged.  The  iron  was  icarcely  any 
longer  fufceptible  of  attraction  by  the  magnet  ; it 
diflblved  without  effervefcence  in  acids : in  a word, 
it  was  in  the  date  of  a black  oxide,  like  that  which 
has  been  burnt  in  oxygen  air. 

“ In  this  experiment  there  was  a real  oxidation 
of  the  iron  by  the  water,  entirely  fimilar  to  that 
effected  in  the  air  by  the  aid  of  heat;  100  grains'of 
water  were  decompofed,  and  of  thsfe  100  grains, 
85  united  to  the  iron,  to  reduce  it  to  the  date 
of  black  oxide:  thefe  85  grains,  therefore,  were 
oxygen;  the  remaining  15  grains  combined  w'ith 
caloric,  and  formed  an  inflammable  gas.  It  hence 
follows,  that  water  is  compofed  of  oxygen,  and  the 
bafe  of  inflammable  gas,  in  the  proportion  of  85  to 
15,  or  of  17  to  3. 

“ Water,  therefore,  befides  oxygen,  which  is 
one  of  its  principles,  and  which  is  common  to  it 
with  a great  many  other  fubflances,  contains  another 
peculiar  to  itfelf,  and  which  is  its  conflituent  radical. 
vol.  11.  n n This 
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This  radical  has  been  called  hydrogen  ; viz.  thu 
generator  cf  water  ; and  the  combination  of  this  ra- 
dical with  caloric,  is  difinguilhed  by  the  name  of 
hydrogen  gas. 

4.  “ Recompofition  of  Water.  — Take  a wide- 
mouthed glafs  balloon  A,  fig.  12.  Plate  XVII.  ca- 
pable of  containing  about  30  pints,  and  cement 
to  its  mouth  a fmall  plate  of  copper  B C,  having 
above  it  a cylinder  of  the  fame  metal,  g D,  pierced 
with  three  holes  to  receive  three  tubes.  The  firfb 
of  thefe,  h H,  is  defined  to  be  connected,  at  its  ex- 
tremity h,  with  an  air-pump,  in  order  that  the 
balloon  A,  may  be  exhaufed  of  air.  The  fecond 
tube  gg,  communicates  by  its  extremity  M M, 
with  a relervoir  of  oxygen  gas,  and  is  defined  to 
convey  it  into  the  ballon  A.  The  third  tube  zDd , 
communicates  by  the  extremity  N N,  with  a refer- 
voir  of  hydrogen  gas  : the  extremity  z of  this  tube 
terminates  in  an  aperture  fo  fmall  as  lcarcely  to 
admit  a very  delicate  needle.  It  is  through  this 
aperture  that  the  hydrogen  gas,  contained  in  the  re- 
lervoir, is  to  pafs  into  the  balloon  A.  In  tire  next 
place,  the  fmall  plate  BC  is  pierced  with  a fourth 
hole,  into  which  is  inlerted  with  cement,  a glafs 
tube,  through  which  pafles  a wire  F L,  having  at 
its  extremity  L,  a fmall  ball  defined  to  make  an 
eledlric  fpark  pafs  between  the  ball  and  the  extre- 
mity of  the  tube  that  conveys  the  hydrogen  gas  into 
the.  balloon  A.  Each  of  the  three  tubes  lias  a 
cock,  r,  s,  FI. 
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tc  That  the  gales  may  be  conveyed  in  a very 
dry  date  through  the  tubes  which  conduct  them 
into  the  balloon  A,  and  that  they  may  be  deprived 
of  water  as  much  as  poflible,  you  muft  put  into 
the  fuelled  parts  MM,  and  N N,  of  the  tubes, 
fome  fait  capable  of  attracting  the  moifture  with 
great  activity.  Thefe  falts  fhould  be  only  coarfely 
pounded,  in  order  that  they  may  not  form  a mafs, 
and  that  the  gales  may  pafs  freely  through  the  in- 
terfiices  left  between  the  fragments.  You  mult  be 
provided  with  a fufficient  quantity  of  very  pure 
oxygen  gas,  and  nearly  a triple  volume  of  hydro- 
gen gas,  equally  pure.  To  obtain  it  in  this  ftate, 
and  free  from  ail  mixture,  you  muft  extraCt  it  from 
water,  decompofed  by  means  of  very  pure  and  due* 
tile  iron. 

cc  When  every  thing  has  been  thus  prepared, 
adapt  to  the  air-pump  the  tube  h H,  and  exhauft 
the  air  in  the  large  balloon  A ; then  fill  it  with 
oxygen  gas,  by  means  of  the  tube  gg,  and,  by  a 
certain  degree  of  prefilire,  force  the  hydrogen  gas  to 
pafs  into  the  balloon  A,  through  the  extremity  of 
the  tube  zDi;  then  kindle  this  gas  by  means  of 
an  eleCtric  fpark  ; and  if  you  renew  the  quantity  of 
each  of  thefe  two  gafes,  the  combuftion  may  be  con- 
tinued for  a long  time. 

tc  In  proportion  as  the  combuftion  proceeds, 
wrater  is  depofited  on  the  internal  lurface  of  the 
balloon  A : the  quantity  of  this  water  gradually 
increafes,  and  it  unites  into  large  drops,  which 

run 
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run  down  die  fides  of  die  veflel,  and  are  collected 
at  the  bottom  of  it. 

The  fum  of  the  weights  of  the  gafes  employed, 
and  the  weight  of  the  water  formed,  were  found  to 
be  equal,  within  a 200th  part.  It  was  by  an 
experiment  of  the  fame  kind,  that  Lavoifier  afeer- 
tained,  that  85  parts,  by  weight,  of  oxygen,  and 
15  parts,  alfo  by  weight,  of  hydrogen,  are  required 
to  compofe  an  hundred  parrs  of  water. 

“ Thefe  phenomena  of  the  decompofition,  and 
recompofition  of  water,  are  continually  effected  be- 
fore our  eyes,  by  the  temperature  of  the  atmofphere, 
and  the  agency  of  compound  affinities.  It  is  this 
decompofition  which  gives  rife,  at  lead:  in  a certain 
degree,  to  the  phenomena  of  lpirituous  fermenta- 
tion, thofe  of  putrefaction,  and  thole  even  of  ve- 
getation.” 

The  diffiolution  of  metallic  fubftances  in  acids  is 
a very  important  and  remarkable  operation  of  che- 
miftry.  When  a metal  is  placed  in  a fluid  acid, 
capable  of  diffolving  it,  heat  and  effervefcence  (viz. 
a difengagement  of  gas)  frequently  takes  place,  and 
the  gas  is  either  the  nitrous,  or  the  fulphurous  acid, 
&c.  according  to  the  nature  of  the  acid  ■,  the  metal 
gradually  diminiflies  in  bulk,  and  at  lafb  none  of 
it  is  to  be  feen.  The  liquor  thus  loaded  with  the 
metallic  fubftance,  is  called  the  [elution  of  that 
metal.  If  an  alkali,  or  certain  othei  fubftances,  be 
added  to  the  folution,  the  metallic  fubltance  will  be 

feparated 
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feparated  from  the  fluid,  and  will  fall  to  the  bottom 
of  the  vefiel.  This  is  called  the  precipitate , and 
the  alkali  or  other  fubftance  that  has  been  added  to 
the  folu tion,  is  called  the  precipitant.  The  precipi- 
tate, in  certain  cafes,  appears  in  a metallic  ftatc,  viz. 
a powder,  or  cruft  of  the  original  metal ; but  it  ge- 
nerally appears  in  the  form  of  a fait ; viz.  quite  def- 
titute  of  the  metallic  appearance:  it  is,  in  fhort,  an 
oxyde  of  the  metal,  which  may  be  reduced  to  a 
metallic  ftate  by  depriving  it  of  the  oxygen.  This 
la  Pc  procefs  is  called  reduction. 

Such  are  the  general  phenomena  of  metallic  dif- 
folutions,  and  the  operations  of  affinity  feem  to  be 
iimple  and  evident;  but  a clofer  examination  of 
particular  diflolutions,  and  of  the  facts  which  attend 
each  of  them,  ffiew  that  the  fubjedt  is  much  more 
intricate  than  it  may  at  firft:  fight  appear.  In  fliort, 
it  is  manifefted  by  a variety  of  experiments,  that 
water  is  abfolutely  neceflfary  for  every  diflfolution  ; 
that  the  water  is  decompofed  as  well  as  the  metal 
and  the  acid,  and  that  new  compounds  are  thereby 
formed.  Nearly  the  fame  thing  may  be  faid  of 
redudtions ; but  the  number  of  ingredients  of  de- 
compofitions  and  compofitions,  which  act  and  are 
produced  in  every  particular  cafe,  are  in  part 
known,  and  in  part  guefled  at.  Several  elegant 
experiments  in  elucidation  of  this  fubjedt,  which 
ffiew  the  above-mentioned  neceflfary  preience  of 
water,  and  a variety  of  collateral  particulars,  were 
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furnifhed  to  the  fcientific  world  by  an  ingenious  fe- 
male writer*. 

Some  idea  of  the  primitive  fubftances  has  been 
given  in  the  preceding  chapter ; but  by  far  the 
greater  number,  if  not  all,  the  bodies  which  na- 
turally occur  to  our  fenfes,  are  compounds  of  fe- 
veral  of  the  primitive  fubftances ; and  their  ingre- 
dients are  in  great  meafure  to  be  afcertained  by  trials, 
and  by  employing  other  fimpler  and  determinate 
fubftances. 

Each  of  the  three  kingdoms  of  nature  are  divided 
by  the  chemifts  into  fubordinate  divifions.  The 
mineral  is  divided  into  earthy,  metallic,  faline,  and 
bituminous,  minerals;  of  which  a general  idea  has 
been  given  in  the  preceding  pages,  excepting  the 
bituminous ; but  thefe  feem  to  have  a double 
origin  ; viz.  they  feem  to  partake  of  the  mineral 
and  of  the  vegetable  kingdom  ; for  they  are  found 
to  contain  feveral  of  thole  ingredients  which  belong 
principally  to  vegetables,  and  perhaps  to  animals 
too. 

Vegetables  feem  to  derive  their  nourifliment 


* See  Mrs.  Fulhame’s  EfTay  on  Combuftion,  &c.  Lon- 
don 1794.  See  alfo  a fhort  account  of  Dr.  Woodhoufe’s 
Experiments  in  the  Philcfophical  Magazine,  vol.  VII.  p.  83. 
and  the  Chemical  Works  mentioned  at  the  end  of  the  pre- 
ceding chapter,  in  which  the  particular  phenomena  that  at- 
tend a variety  of  difiolutions  and  redu&ions  will  be  found. 
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chiefly  from  water,  which  is  decompofed  by  the 
powers  of  vegetation,  and  its  components  enter 
into  new  combinations.  The  hydrogen  becomes 
an  effential  principle  of  plants,  and  enters  into  the 
formation  of  their  refins,  oils,  and  mucilage. 
Part  of  the  oxygen  forms  the  acid  juices  of  ve- 
getables, and  another  part  is  expelled,  when  the 
plants  are  expofed  to  a ftrong  light,  in  the  form 
of  oxygen  air;  but  when  the  plants  are  in  the 
dark,  as  at  night,  then  they  give  out  principally 
the  carbonic  acid  gas.  The  common  air  which 
furrounds  a plant  contributes  to  its  vegetation,  by 
affording  it  oxygen  in  certain  cafes,  as  aifo  by  de- 
pofiting  moifture  upon,  or  taking  it  away  from, 
its  furface,  according  to  circumftanccs.  Nitrogen 
is  likewife  abforbed  by  plants. 

Light,  caloric,  and  carbon,  do  alfo  feem  to  enter 
into  combination  with  vegetables,  and  to  be  ne~ 
ceffary  for  their  growth. 

Mod  of  thofe  principles  may  be  extrafled,  by 
decompofition,  from  all  plants  ; but,  befides  thofe, 
there  are  feveral  others  which  rnay  be  extracted 
from  particular  plants. 

Though  w'e  find  that  moft  plants  are  refolvible 
into  the  above-mentioned  principles  ; yet  it  muff 
be  acknowledged  that  the  chemical  art  cannot 
imitate,  or  form,  any  vegetable,  no  more  than  it 
can  form  any  animal,  part.  The  real  proportion 
of  the  ingredients,  the  manner  of  combining  them, 
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and  probably  the  neceflary  concurrence  of  other 
elements,  are  far  from  being  afcertained. 

By  the  decompofition  of  plants  (I  do  not  mean 
an  extreme  decompofition)  feveral  ufeful  fubftances 
are  obtained  ; the  moft  remarkable  of  which  we 
fhall  briefly  enumerate. 

The  Jap  is  the  general,  or  more  abundant,  fluid 
of  a plant,  from  which  the  various  peculiar  juices, 
refins,  oils,  &c.  of  the  plant,  are  fecreted,  by 
the  organifm  of  the  plant  and  the  powers  of  ve- 
getation. 

The  mucilage , which  forms  the  bafis  of  moft  ve- 
getable produdions,  has  the  following  peculiar  pro- 
perties. It  is  infipid;  is  foluble  in  water,  but  not  in 
alcohol  ; is  coagulable  by  the  a<ftion  of  weak  acids, 
and  of  metallic  folutions. 

Gum  is  a confident  fubflance,  foluble  in  water. 
It  is  found  concreted  in  certain  places  on  the  furface 
of  plants,  and  is  fuppofed  to  be  only  infpifflated 
mucilage. 

V J 

Oils  are  diftinguifhed  into  fixed  or  fiat  oils  ; viz. 
fuch  as  contain  mucilage,  and  cannot  be  rendered 
volatile  without  a confiderable  degree  of  heat  j 
and  into  volatile  oils , which  contain  aroma , or 
the  odoriferous  part  of  the  plant.  By  diflillation 
oils  yield  a phlegm,  an  acid,  a fluid,  or  light 
oil,  a confiderable  quantity  of  hydro-carbonate 
gas,  carbonic  acid  gas,  and  leave  in  the  retort  a 

refiduum 
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refiduum  which  does  not  afford  any  alkali,  as  the 
afhes  of  moft  vegetables  do.  The  volatile  oils 
afford  a greater  proportion  of  hydrogen  gas,  and 
the  fixed  oils  a greater  proportion  of  carbonic  acid 
gas  ; for  this  gas  is  in  great  meafure  derived  from 
the  mucilage. 

Reftns  feem  to  be  oils  concreted  by  the  combi- 
nation with  oxygen  They  are  inflammable,  fo- 
luble  in  alcohol,  and  in  oils,  but  not  in  water. 

Gum  refins  feem  to  be  mixtures  of  mucilage  and 
of  refins  ; for  they  are  partly  foluble  in  water,  and 
partly  in  alcohol. 

Facula  feems  to  be  little  different  from  muci- 
lage. The  principal  circumftance,  in  which  they 
feem  to  differ,  is,  that  fecula  is  not  foluble  in  cold 
water. 

Vegetable  gluten>  is  an  adhefive  fubftance,  ob- 
tained principally  from  the  flour  of  farinaceous 
plants,  by  forming  a pafte  of  that  flour,  and 
kneading  it  in  water,  until  it  no  longer  tinges  the 
water. 

Sugar  is  an  effential  fait,  which  may  be  ex- 
trafted  in  various  quantities  from  different  plants. 

Albuminous  Matter  of  Vegetables , is  a flocculent 
matter,  which  is  extraded  from  the  juice  of  cer- 
tain plants,  and  in  fome  meafure  refembles  the 
white  of  an  egg,  whence  it  has  derived  its 
pame. 

The  different  acids,  which  may  be  obtained 

from 
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from  vegetables,  have  already  been  enumerated  in 
the  preceding  chapter. 

The  conftituent  principles  of  plants  have  different 
affinities ; but  the  proportion  of  thole  principles  in 
a living  plant,  is  fitch  as  to  balance  their  peculiar 
affinities  ; and  the  excefs  or  defedt  of  each  princi- 
ple is  eafily  expelled  or  abforbed  by  the  action 
of  vegetation.  But  when  vegetation  ceafes,  then 
the  adlion  of  the  atmofphere,  which  heats  or  cools, 
or  oxygenates,  or  dries  up,  or  moiftens,  the  vege- 
table l'ubftances,  loon  disturbs  that  juft  proportion 
of  ingredients,  and  produces  a variety  of  effedts.  If 
the  vegetable  abound  only  in  moifture,  a dry  air 
and  ventilation  will  dry  it  up  ; and  fuch  is  the  cafe 
with  wood,  feeds,  &c.  When  the  vegetables  are 
very  juicy,  and  thofe  juices  contain  a variety  of  prin- 
ciples, then  thofe  principles  begin  to  feparate,  the 
heavieft  go  to  the  bottom,  the  moft  volatile  fly 
away,  an  inteftine  motion  is  thereby  produced,  new 
combinations  take  place,  Sec.  This  decompofition 
in  general  is  called  fermentation . In  different  ftates 
of  it  different  effedts  are  produced,  and  from  thole 
effedts  it  derives  three  different  names  ; viz.  of  vi- 
nous, acid , and  'putrid,  fermentation. 

The  Vinous  Fermentation , or  Spirit  ous  Fermenta- 
tion. In  order  to  produce  this  fermentation,  the 
expreffed  juice  of  grapes  (and  the  fame  thing  with 
little  difference  may  be  laid  of  the  juices  of  feveral 

ether  fruits)  is  placed  in  an  open  veftel,  or  vat, 

and 
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and  is  kept  gently  warm,  as  about  70°  of  Fahren- 
heit’s Thermometer.  The  liqour  foon  grows  tur- 
bid, and  an  inteftine  motion  takes  place  through 
the  whole  mafs,  attended  with  a copious  difeharge 
of  carbonic  acid  gas,  and  a frothy  fubdance  called 
yeajl.  After  a day  or  two,  and  fometimes  longer, 
the  phenomena  gradually  diminifh,  and  ceafe  almoft 
entirely.  In  that  (late  the  liquor  is  pretty  clear, 
and  will  be  found,  to  have  acquired  a vinous  tafte 
and  odour ; and  the  thickeft  or  more  confident 
part  will  be  found  fettled  at  the  bottom  of  the 
veficl.  Now  if  the  progrefs  of  dilfolution  be 
flopped,  which  is  done  by  feparating  the  clear 
liquor  from  the  thick  fediment,  by  preventing  the 
accefs  of  air  to  it,  by  placing  it  in  a cooler 
fituation,  &c.  then  the  liquor  remains  with  little 
alteration  in  the  date  of  wine.  But  if  the  whole  be 
left  undidurbed,  the  fermentation  will  pafs  on  to  the 
next  dage ; viz.  to 

The  acetous  Fermentation.  This  con  fids  in  the 
abforption  of  oxygen  from  the  atmofphere ; and 
the  refult  is  vinegar , or  the  acetous  acid. 

In  the  putrid  Fermentation  the  colour  of  the  ve- 
getables changes  ; they  grow  pretty  hot,  and  a 
mixture  of  gafes  is  difengaged  ; viz.  of  azote, 
hydrogen,  carbonic  acid,  and  ammoniacal,  gafes. 
This  procefs  completes  the  diffolution  of  the  ve- 
getable fubdances. 

Wine,  or  fermented  liquors,  yield,  by  didiila- 
tion,  an  inflammable  and  odoriferous  liquor, 

called 
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called  fpirit  of  wine , and,  in  its  pureft  Hate,  0/- 
cchol. 

Alcohol  feems  to  be  formed  from  an  intimate 
combination  of  hydrogen  and  carbon,  and  is  perfect- 
ly rrsifcible  with  water. 

Alcohol  mixed  with  the  fulphuric,  or  the  ni- 
tric, or  other  acid,  and  then  diftilled,  yields  the 
lighted  liquid  known.  This  liquid  is  called  ether , 
to  which  the  name  of  the  acid  is  added  ; viz.  it  is 
called  the  fulphuric , or  the  nitric , or  the  muriatic , 
or  the  acetic  ether , according  to  the  nature  of  the 
acid  which  has  been  employed  for  its  production. 

Ether  feems  to  be  formed  from  a combination  of 
the  oxygen  of  the  acid,  with  the  carbon  and  the 
hydrogen  of  the  alcohol.  It  has  a peculiar  fmell, 
is  very  volatile,  and  highly  inflammable.  If  ether 
be  mixed  with  an  equal  bulk  of  water,  about  a 
quarter  of  it  will  be  diflblved  by  the  water  ; the  other 
three  quarters,  which  are  purer  than  previous  to 
the  mixture,  will  be  found  to  fwim  upon  the 
water. 

Animal  fubdances,  whether  folid  or  fluid,  confid 
of,  for  they  are  refolvable  into,  the  following 
principles;  viz.  azote,  carbon , hydrogen , oxygen , 
phrf  herns,  and  lime.  The  various,  but  unknown, 
proportions,  the  number,  and  the  arrangement  of 
thofe  ingredients,  conditute  the  blood,  the  milk, 
the  gall,  the  bones,  the  mufcles,  the  fat,  and  all 
the  other  parts  of  animal  bodies.  But  with  refpeCt 
to  the  facts  which  have  been  afeertained,  or  the 
2 conjectures 
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conjectures  which  have  been  ofFered,  relative  to  the 
original  formation,  growth,  fecretion,  form,  fitu- 
ation,  and  other  properties  of  thofe  animal  parts, 

I mult  unavoidably  refer  the  reader  to  the  works 
of  the  anatomical  and  chemical  writers  : we  fhall, 
however,  fubjoin  a fhort  account  of  the  natural 
procefs  of  the  putrefaction  of  animal  fubftances, 
with  which  we  fhall  clofe  the  prefent  volume. 

An  animal,  like  a vegetable,  when  deprived  of 
life,  begins  to  undergo  a aecompofition  or  fepara- 
rion  of  its  conftituent  principles;  and  this  decompo- 
fition  is  affided  and  promoted  by  a moderate 
warmth,  by  moidure,  and  by  the  accefs  of  air.  Ip 
mull  be  obferved,  however,  that  animal  diffolution 
does  not  go  through  the  vinous  and  acetic  dates  of 
fermentation  ; but  it  proceeds  directly  to  the  putrid, 
principally  on  account  of  its  containing  more  azote 
and  much  ammonia  ; excepting  a few  animal  fluids, 
which,  by  proper  treatment,  may  be  caufed  to  un- 
dergo a vinous  or  acid  fermentation. 

The  colour  and  the  confidence  of  dead  animals 
firft  begin  to  diminifh,  and  an  unpieafant  odour  is 
exhaled.  The  colour,  after  having  become  pale, 
changes  to  blue  and  green,  then  to  dark  brown,  ac- 
cording as  the  parts  become  lefs  confident,  and  the 
putrid  effluvium  becomes  more  penetrating,  naufe- 
ous,  and  injurious.  This  production  of  gafes  gra- 
dually increafes  in  pungency  and  variety  ; and, 
from  the  feparation  of  phofphorous,  it  is  often  at- 
tended with  a phofphorefcent  light.  The  mafs  of 

matter. 
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matter,  already  become  very  foft,  fwells,  and,  laftly, 
produces  carbonic  acid  gas.  When  all  the  moft 
volatile  parts  have  been  difengaged,  the  fixed  radi- 
cals, containing  Tome  hydrogen,  form  a brown, 
foft,  earthy  matter,  which,  if  left  expofed  to  the 
atmofphere,  becomes,  in  procefs  of  time,  a pow- 
dery pale  fubfcance ; but  if  mixed  with  mould, 
forms  foil  fit  for  vegetation. 

The  putrid  procefs  of  animal  fubftances  may  be 
checked  or  prevented  by  various  means,  luch  as 
placing  the  fubftances  in  cold  lituations,  freezing, 
drying  up  the  moifture  which  is  necelTary  for  fer- 
mentation, introducing  refinous  fubftances,  placing 
the  fubftances  in  fpirit  of  wine,  &c. 


T H li,  END  OF  VOL.  t I. 
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